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ABSTRACT 
The overall objective of this research is to examine the long-term impacts of 
alternative urban form scenarios on the sustainability of the transportation system using 
the Windsor CMA as a case study. The specific objectives of this research work are as 
follows: 1. Design several land use scenarios to identify potentially sustainable urban 
forms in the study area, 2. Predict the population and employment distributions 
associated with the designed land use scenarios for the period 2011 to 2031, 3. Model the 
scenarios from objectives 1 and 2 using traffic assignment and emission simulation 
software to obtain traffic and environmental impacts, and 4. Conduct a comparative 
analysis across scenarios to provide insights that could help inform the planning process 
in the studied city. The first part of the modeling exercise is to predict and distribute the 
population and employment growth in the Windsor CMA for four scenarios (status-quo, 
compact, sprawl and multinucleated scenarios). Multinomial Logit Modeling (MNL) and 
Multi-Criteria Evaluation (MCE) techniques were used to handle the land use 
development scenarios. The second part of this thesis is focused on examining the traffic 
performance under different urban form scenarios. More specifically, Vehicle Kilometres 
Travelled (VKT), Vehicle Minutes Travelled (VMT), energy consumption and harmful 
gas emissions (e.g. HC, CO and NOx) were calculated and analyzed. Results indicate that 
the sprawl pattern would contribute to or result in a nonsustainable future in the Windsor 
CMA. In comparison, compact development results in lower VKT, VMT and emissions 
over time. Consequently, the future planning process in the region could benefit from 
promoting a more compact urban form since the latter is likely to lead to a more 
sustainable urban future. 
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CHAPTER ONE                                                                                         
INTRODUCTION 
1.1 Introduction 
It is well recognized that the spatial structure (urban form and travel) of a city is 
determined by households balancing commuting costs against housing costs in their 
search for an optimal location (Behan et al. 2007). Moving further from the Central 
Business District (CBD) may increase the commuting costs but provide lower land 
prices. Over the last century, population growth shifted from the core of city to its 
suburbs. This pattern led to urban sprawl, resulting in an increased commuting distance. 
Behan, Maoh and Kanaroglou (2009) stated that smart growth strategies such as urban 
residential intensification and compact development could reduce petroleum consumption 
by shortening commuting distances (Maoh and Kanaroglou 2009). Also, smart growth 
strategies could reduce negative effects from harmful gas emissions and congestion. In 
order to provide a healthy environment and sufficient resources for future generations 
while maintaining economic growth, sustainable transportation is a common topic in the 
academic literature. In this research, the impacts of different urban forms on improving 
transportation sustainability are assessed. Black (2010) noted that current transportation 
systems are nonsustainable since the current consumption of fossil fuels is exceeding new 
reserve discoveries by more than a 3:1 ratio. 
In Canada, little has been done to address the issue of sustainable transportation 
(Maoh and Kanaroglou 2009). However, experts have been trying to find ways to 
minimize the negative side effects of nonsustainable transportation systems by for 
example promoting smart growth strategies. Here, simulation modeling is a useful 
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method to achieve this goal (Maoh and Kanaroglou 2009). The most commonly used 
simulation models are Integrated Urban Models (IUMs). 
1.2 Research Objectives 
In this thesis, the interaction between land use and transportation will be 
examined to assess sustainable alternative futures in the Windsor CMA, located in 
Ontario, Canada. To this end, the specific objectives of this research work are as follows: 
1. Design several land use scenarios to identify potentially sustainable urban forms 
in the Windsor CMA. 
2. Predict the population and employment distributions associated with the designed 
land use scenarios from 2011 to 2031. 
3. Model the scenarios from objectives 1 and 2 using traffic assignment and mobile 
emission simulation software to obtain traffic and environmental impacts. 
4. Conduct a comparative analysis to provide insights which could help inform the 
future of the urban planning process. 
These issues require a two part research plan. The first part is to predict the 
population and employment distribution while the second part simulates the traffic 
performance based on the population and employment distributions. The research is 
based on various data sources such as Statistic Canada, Desktop Mapping Technology 
Inc. (DMTI) and some official forecasts for the city of Windsor. The types of software 
which are implemented in this thesis include ArcGIS, Commute, EXCEL, Gauss, and 
Mobile6c.  
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1.3 Outline of Thesis 
This chapter introduced the research topic, the objectives of this research and the 
outline of this thesis. Chapter Two reviews recent academic papers related to the research 
objectives. This includes an introduction to the conclusions of various simulations on 
Canadian cities.  
Chapter Three introduces the study area and data sources of this project and it also 
outlines the modeling and simulation framework. The modeling techniques and methods 
including variables utilized in this project are presented in Section 3.3. Section 3.4 
introduces the software used in this thesis including ArcGIS, Commute, Mobile6c and 
other statistical software. The chapter continues to introduce the detailed procedures used 
to obtain the land use results and the related transportation impacts.  
In the beginning, Chapter Four describes the general trends of population and 
employment development in the past and then shows the predicted new population and 
employment for the next 20 years. Next, it presents the land use estimate results and 
continues to discuss the comparison results by different scenarios. Transportation impacts 
including link flow estimates, Vehicle Kilometres Travelled (VKT), Vehicle Minutes 
Travelled (VMT), energy consumption and harmful gas emissions are also discussed in 
Chapter Four. 
The final section is a conclusion of this thesis and presents the optimal land use 
scenario to promote a sustainable transportation for the next 20 years. Suggestions for 
promoting a compact development are also discussed.  
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CHAPTER TWO                                                                                                 
LITERATURE REVIEW 
2.1 Introduction 
This review consists of five sections: “urban form”, “land use and transportation 
interactions”, “smart growth and sustainable transportation”, “modeling land use and 
transportation” and “assessing impacts via simulation”. In Section 2.2, different kinds of 
urban form definitions as in the literatures will be introduced. Impacts of land use on 
transportation and, inversely, the impacts of transportation on land use will be presented 
in Section 2.3. An overview of the sustainable transportation concept will be shown in 
Section 2.4. This section will also feature the smart growth strategies paradigm, which 
has been emerging in the recent literature. The information contained in Section 2.5 
includes an overview of the approaches used for modeling land use changes, as well as 
the Urban Transport Modeling System (UTMS). The last section is a review of recent 
urban simulation studies conducted in Canada using Integrated Land Use and 
transportation Models (IUMs).  
2.2 Urban form 
Urban form plays an important role in the way travel occurs in the city. Anderson 
et al. (1996) define urban form as “the spatial configuration of fixed elements within a 
metropolitan region”. According to their research, urban form cannot be determined at 
one particular point in time since it has the tendency to evolve during the whole history of 
the city (Anderson et al. 1996). Three basic types of urban forms are listed in order to 
explain this evolution (Table 2.1). 
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Table 2.1: Types of urban form  
Time axis Name         Graph Description 
 
Monocentric city 
     
CBD has denser population and 
maximum land value. 
 
Radial city 
 
Population growth is shifted to 
areas far away from CBD by 
introduction of radial 
transportation corridors.  
Multinucleated city 
 
New suburban centres emerge by 
the introduction of peripheral 
(beltways, highways, etc.) 
transportation corridors. 
(Source: Anderson et al. 1996) 
In a monocentric city, because most population and human activities are located 
in the city center, the majority of trips start or end at the city center.  With time, urban 
form starts changing due to the development of transportation corridors. Major roads 
which start from the city center and end at suburban areas are developed. Therefore, in 
the evolution of the radial city, development occurs along these major transportation 
corridors. In the radial city, the connection between city core and suburban area is formed 
while there is little connection among the suburban areas themselves. In terms of the 
multinucleated city, road networks are developed at the edge of the city so the 
connections among suburban areas become stronger. Consequently, the emergence of 
peripheral city centers makes the CBD less prominent than before.  
To date, two spatial trends in the development of urban form have been identified: 
compact urban form and sprawl development (Maoh et al. 2010). Compact urban form 
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does not have a general definition. Table 2.2 summarizes the acceptable definitions of 
compactness based on the literature (Tsai 2005). 
Table 2.2: Definitions of compact urban form 
Definitions Sources 
"high-density or monocentric development" (Golden and Badoe 2007) 
"some concentration of employment and housing, as well as 
some mixture of land uses" 
(Ewing 1997) 
“both monocentric and polycentric forms are compact urban 
form” 
(Anderson, Kanaroglou et al. 
1996) 
“compactness is the degree to which development is clustered 
and minimises land developed” 
(Glaeser, Kahn et al. 2001) 
(Source: Tsai 2005) 
Similarly, sprawl development does not have a general definition. An acceptable 
description is that sprawl development reflects “dispersed, auto-oriented patterns at the 
edge of the city, mainly in areas serviced by highways” (Vermont Forum on Sprawl, 
2003). Based on reviewed literatures, Maoh et al. (2010) summarize four types of sprawl 
development. These are: commercial strip development, leapfrog development, scattered 
development and continuous low-density development, as shown in Table 2.3.  
The sprawl pattern is affected mainly by three factors: population growth, rising 
household incomes and transportation improvements (Kanaroglou and Maoh 2008). 
Bruckner (2000) pointed out that cities must grow spatially to accommodate an 
expanding population. Kanaroglou and Maoh (2008) also claimed that jobs follow people 
and prefer easy highway access. That means employment growth also has a sprawl 
pattern similar to population growth following the development of transportation in 
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suburban areas. With rising household incomes, there is more consumption of residential 
land use at affordable prices along the periphery leading to an urban sprawl pattern. The 
authors continue to state that transportation systems support sprawl, especially highway 
development from the 1950s through the 1980s providing the foundation for modern 
sprawl patterns.  
Table 2.3: Types of sprawl development 
Types of sprawl development Concept 
Commercial strip development “are lines of independent stores stretching along an arterial” 
Leapfrog development 
“non-contiguous residential development occurring on large, 
moderately priced land parcels outside existing urban areas” 
Scattered development 
“new development appear „in a seemingly random or shotgun 
pattern‟” 
Continuous low-density development 
“large expanses of private land properties that are covered by 
single and segregated land uses” 
(Source: Maoh et al. 2010) 
Urban sprawl can result in serious economic, social and environmental problems 
such as traffic congestion, air pollution, large-scale absorption of open space, extensive 
use of energy for movement, etc. (Downs 1999). As introduced by Behan et al. (2008), 
traffic congestion is “a condition where vehicle speeds are below free-flow speed and the 
travel time is increased”. This reduces the convenience and quality of the transportation 
systems. Furthermore, other effects are generated by traffic congestion, especially air 
pollution. The traffic congestion results in incomplete combustion via idling and this 
leads to more harmful gases. These harmful gases contribute to various diseases. For 
instance, Carbon monoxide (CO) causes headaches, fatigue, respiratory problems and 
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death. NO2 results in death and other hydrocarbon emissions (e.g. CH4, C2H6, C3H8, 
C4H10 and C6H14) causes ground-level ozone.  
With time, the usage of automobiles and continuing urban sprawl may lead to the 
emergence of a multinucleated urban form (Kanaroglou and Maoh 2008). Multinucleated 
development is a result of concentrating economic activities (especially employment) in 
urban sub-centers. In this type of urban form, the CBD is not the only economic centre in 
a city and it has to compete with other sub-centres. Multinucleated development includes 
the development of economic activities along with physical and social infrastructure in 
these urban sub-centers.  
2.3 Land use and transportation interaction 
Transportation and land use are linked in two basic ways (Handy 2005). First, 
transportation characteristics influence development patterns. For example, high 
accessibility of a site based on travel costs (costs= time or distance) can attract specific 
land development in that site. Also, transportation corridors would increase accessibility 
and in turn promote further development. The examples above show that transportation 
infrastructure investment and accessibility could lead to urban sprawl. Conversely, they 
could also be used to combat sprawl (e.g. transit improvement in the core area of a city). 
Second, development patterns also play an important role in the evolution of a 
transportation system. The design of suburban areas contributes to automobile 
dependence. The latter can be seen as a catalyst for sprawl. However, certain patterns of 
land development can help reduce automobile dependence. For instance, development 
leading to a multinucleated urban form can shorten traveling distance and consequently 
reduce the dependence on auto as the primary mode for transportation (Table 2.1).  
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Wegener (1995) presented a cyclical relationship between the land use and 
transportation systems (Figure 2.1).  
 
Figure 2.1: The land-use/transportation feedback cycle  
(Created by Wegener, 1995) 
Stead and Marshall (2000) conducted a literature review to study the relationship 
between urban form and travel characteristics. Table 2.4 lists some critical relationships 
between land use and travel. A positive “+” sign means that there is a positive 
relationship, while a negative “-” sign indicates the opposite. Stead and Marshall (2000) 
also noted that some socio-economic factors could affect travel patterns. However, urban 
form is still considered as one of the most important factors affecting the transportation 
system in a city. There is a positive relationship between the distance of a residence to the 
city core and each travel characteristic (e.g. Travel distance, journey frequency and 
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transport energy consumption). Proximity to main transport networks also affects travel 
characteristics positively. However, population density has a negative influence on these 
travel characteristics. 
Table 2.4: Interaction between urban form and travel characteristics  
Travel characteristics 
Urban form Characteristics  
Travel 
distance 
Auto Journey 
frequency 
Energy 
consumption 
Distance of residence from city centre + + + 
Population density - - - 
Proximity to Main Transport Networks + + + 
(Source: Stead and Marshall, 2000) 
Four connections between land use development and travel patterns are proved in 
the research of Handy (2005). These are: new highway capacity will influence where 
growth occurs; new highway capacity might increase travel a little; investing in light rail 
transit systems increases densities under certain conditions (e.g. significant growth 
experiences in a region, high accessibility of the region, surrounding land uses are 
conducive to development, supportive policies and investments) and new urbanism 
design strategies (e.g. compact development) reduce the number and length of 
automobile trips.  
2.4 Sustainable transportation and Smart growth 
Based on the reviewed literature, Kanaroglou and Maoh (2008) wrote: “the aims 
of sustainable development is to promote an integrated approach to policy-making at the 
national, regional and local levels for transport services and systems to promote 
sustainable development, including policies and planning for land-use, infrastructure, 
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public transport systems and goods delivery networks, with a view to providing safe, 
affordable and efficient transportation, increasing energy efficiency, reducing pollution, 
reducing congestion, reducing adverse health effects and limiting urban sprawl, taking 
into account national priorities and circumstances”. Urban sustainability reflects a 
concern of long-term impacts, especially environmental long-term impacts (Sustainable 
Transportation Indicators Subcommittee of the Transportation Research Board, 2008).  
From the above, the view that efficient urban transportation networks are important to the 
sustainability of a city is acceptable. Here, the definition of sustainable transportation 
system is introduced as: “one that provides transport and mobility with renewable fuels 
while minimizing any negative impacts to the environment and transportation system” 
(Black 2010). However, the current transportation systems are nonsustainable since new 
consumption of fossil fuels is exceeding new reserve discoveries (Black 2010).  
Sustainable transportation indicators are used to help evaluate the sustainability of 
a transportation system. Three main conditions or pillars are identified in most studies: 
Economic, social and environmental. Table 2.5 shows a list of sustainable transportation 
indicator pertaining to these three pillars, which are created by Litman (2011). Besides 
these indicators, some indicators may be included in multiple impact categories. For 
instance, traffic accident is an indicator belonging to both economic and social issues.  
Twelve other performance measures are prepared by the U.S. Environmental 
Protection Agency (EPA) to measure a sustainable transportation system. These are:  
transit accessibility, bicycle and pedestrian mode share, VMT per capita, carbon intensity, 
mixed land uses, transportation affordability, benefits by income group, land 
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consumption, bicycle and pedestrian activity and safety, bicycle and pedestrian level of 
service, average vehicle occupancy and transit productivity. 
Table 2.5: Sustainable transportation Issues 
Economic Social Environmental 
Traffic congestion Equity/Fairness Air pollution 
Infrastructure costs Impacts on mobility Climate change 
Consumer costs Disadvantages Noise and water pollution 
Mobility barriers Human health impacts Habitat loss 
Accident damages Community cohesion Hydrologic impacts 
DNRR Community livability DNRR 
 
Aesthetics 
 
DNRR=Depletion of Non-Renewable Resources 
(Created by Litman, 2011) 
To date, most development occurs in the existing urbanized areas of inner 
suburban and suburban areas in Canada (Golden and Badoe 2007). This results in low 
residential density and sprawl patterns. As mentioned at the end of Section 2.2, a sprawl 
pattern can have adverse economic, social and environmental impact in the future. 
Different policies have been proposed to curb sprawl patterns in order to promote a 
sustainable transportation system. The so called “smart growth strategy” is one of the 
implemented policies that have been proposed to reduce the negative side effects of 
spatial growth and sprawl. 
Smart growth strategies include compact development, encouragement of transit 
usage, pedestrian-oriented, neighbourhood design, mixed use development patterns and 
land redevelopment (American Planning Association, 2002) . Kushner (2003) also noted 
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that “The smart growth movement represents a policy shift toward more compact 
development as a brake on urban sprawl and it envisions a reduction in the extension of 
low-density suburban subdivisions as the predominant pattern of development”.  
Kanaroglou and Maoh (2008) introduced several current smart growth policies to 
control the sprawl pattern (Table 2.6). The authors continue to state that residential 
density and the distance of families from the city centre are two of the most important 
elements related to land use. Several studies show that as the residential densities grow, 
the trips by automobiles would decrease while trips by feet and transit would increase 
(Kanaroglou and Maoh 2008). The distance of households from the city centre influence 
the length of trips since most of the jobs and other facilities are located in the city centre 
area. Handy (2005) also noted that the aim of smart growth strategies is to concentrate 
development in the existing built up areas far away from rural areas. This helps reduce 
automobile usage and long commutes. In other words, smart growth strategies adjust the 
imbalances between the distributions of households and jobs in an efficient way to reduce 
commuting patterns. 
Urban residential intensification (URI) is a widely implemented land use planning 
concept. There are three main methods of URI: redevelopment of existing non-residential 
structures to residential structures, to infill residential structures on a vacant lot and 
conversion of non-residential structures to residential structures (Behan et.al 2008). This 
concept successfully reduces the negative effects caused by sprawl pattern with reduction 
in: air pollution, traffic congestion, fuel consumption, costs of expanding infrastructures 
in suburban areas and consumption of open space land use and natural heritage sites.  
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Table 2.6: Examples of smart growth policies 
Smart growth Policies Application Time 
Land Conservation and Development Act: to control urban 
sprawl and preserve forests and farmland 
Oregon, US 
1973 
An elected body (Greater Portland Metropolitan Service 
District) that oversee regional transportation and land use 
planning: Development and preservation of the urban 
growth boundary; operation of the mass transit system, 
various parks and cultural facilities 
Oregon, US 
1978 
Directing spending and tax incentives in older communities Maryland and New Jersey 1997 
To approve bond measures or tax increases to preserve 
open space or acquire parks and wildlife habitats 
Alabama, Arizona, 
Florida, Michigan, 
Minnesota, New Jersey, 
Oregon and Rhode Island 
1998 
Bond measure= to sell bonds for funding a specific project 
(Source: Kanaroglou and Maoh, 2008) 
In order to implement URI successfully, three main issues must be broken: 
automobile dependence, individual behavioural changes and vested interests (Kanaroglou 
and Maoh, 2008). The low population density caused by urban sprawl almost lead to a 
total automobile dependence and it creates an unsupported transit system. Most of the 
individuals in North America prefer living in inner suburban and suburban areas, with a 
large proportion preferring to travel by car. Vested interests also have to be changed. It‟s 
cheaper for developers to construct infrastructures in suburban area than redevelop 
already urbanized areas, further encouraging urban sprawl. 
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2.5 Modeling Land use and Transportation 
2.5.1 Approaches for modelling land use changes 
2.5.1.1 Basic forecasting 
Following the work of McFadden (1977), home buyers would select a residential 
location by weighting every available attribute (e.g. accessibility to a place, cost of 
housing and commuting, quality of neighbourhood and dwelling characteristics) of an 
alternative (e.g. housing location) and pick the alternative with the maximum utility. Here, 
the choice process can be modeled using a multinomial logit model (MNL). For instance, 
Gabriel and Rosenthal (1989) applied a multinomial logit model to estimate location 
choices of different population groups. While some studies used MNL models to handle 
the choices mode by households, other studies such as Haider and Miller (2005) 
employed the MNL approach to model the location choice of developers. 
More specifically, the authors used discrete choice models to assess variables 
affecting a housing builder‟s location choice in the Greater Toronto area in Canada. For 
the location choice of different housing types, the factors are varying. After assessment, 
eight factors have significant effects on detached housing location; seven factors are 
considered as important to semi-detached housing location; eight factors affect Row-link 
housing location significantly and ten factors affecting condominium housing location are 
significant (Table 2.7). Factors affect the location choice in two different ways: either 
positive or negative. Positive factors increase the probabilities of choosing the specific 
location and negative factors are the opposite. 
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Table 2.7: Factors affecting housing locations 
Positive factors Negative factors 
Detached Housing 
Housing units in the approval process Percentage of households with no 
vehicles Accessibility to green space Individuals without drivers licence 
Accessibility to schools Intersection density 
Single-family Detached housing units in the approval 
process 
Retail density 
Semi-detached Housing 
Accessibility to power centers Population density 
Semi-detached units in the approval process Employment nodes 
Housing units in the approval process   
Semi-detached housing values 
Area in sq. km zoned as industrial 
Row/Link Housing 
Housing units in the approval process Percentage of freehold properties 
Row/link housing units in the approval process Households without driving licenses 
Development charge for row/link housing Proximity to freeways  
  Proximity to large malls 
Accessibility to green space 
Condominium Housing 
Condominium property values Distance from CBD 
Condominium housing in the approval process Accessibility to green space 
Proximity to subway   
Proximity to highway  
Share of condominiums in housing stock  
Professional employment in the zone  
Condominium property values  
Accessibility to shopping centers 
(Source: Haider and Miller, 2004) 
Another powerful method for handling land use changes is the Multi Criteria 
Evaluation method (MCE method). This method could be implemented both in location 
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choice and land suitability assessment (Joerin et al. 2001). The general expression to 
create a suitability map is (Mendoza 1977): 
       
 
   
 
In terms of land use, S is the suitability score for specific land use;    are factors 
affecting suitability for the specific land use and   are “weights” associated with these 
factors. While this approach can be used to predict future land development, it also can 
be used to plan the future of development via the   values. 
Criteria affecting suitability is difficult to identify in general. However, decision-
Makers should continue discussion about different criteria until they obtain a common 
result (Joerin et al. 2001). Table 2.8 shows some important criteria for residential location 
as mentioned in several papers.  
Table 2.8: Criteria affecting residential location 
Criteria Reference 
Neighbourhood, accessibility to employment, accessibility to schools, 
Accessibility to parks/recreational facilities, accessibility to stores, 
public transportation, security 
(Karash et al. 2008) 
Population density, accessibility to different places, walkability to 
different places, nearby services, public transport, security, parks, 
public (such as schools) services, and proximity to rail transit stations 
(Litman 2011) 
Travel time to Central Business District (CBD), travel time to airport, 
accessibility to employment, accessibility to shopping, neighbourhoods 
with higher average incomes, proximity to residential land use, 
percentage of industrial land use, price of dwellings 
(Waddell et al. 2003) 
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Also, important factors affecting employment location from literature are 
presented in Table 2.9. 
Table 2.9: Criteria affecting employment location 
Criteria Reference 
Accessibility to population, travel time to CBD, travel time to 
airport, Proximity to highway, agglomeration economies 
(accessibility to employment), employment density  
(Waddell et al. 2003) 
Distance to CBD (Glaeser et al. 2001) 
Accessibility to population (Rouwendal and Meijer 2001) 
Close to employment, proximity to hazard (Almazan et al. 2007) 
Closer to new motorways, demand accessibility and supplier 
accessibility based on road network,  Agglomeration economies 
(Holl 2004) 
Accessibility and proximity to major road infrastructure, 
proximity to regional malls, proximity to airports, lower land 
price, agglomeration economies (This is also used to describe 
the benefits that firms obtain when locating near each other), 
land use zoning, prestige of the location, population size and 
income, amount of building space in a site and some firm 
characteristics 
 
(Maoh and Kanaroglou 2009; 
Maoh et al. 2009)  
The Multi-Criteria Evaluation (MCE) approach can be utilized effectively in GIS 
to make informed decisions. Based on different information layers, ArcGIS can be 
utilized to analyze all of the information layers following a predefined criterion to 
produce a surface reflecting the best outcomes by location. This enables the creation and 
calculation of criteria as different layers of information.  
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2.5.1.2 Land Use Model 
It‟s necessary for one to simulate the effects of various land use development 
scenarios in the future so that the harmful impact of these scenarios can be mitigated. 
This is the reason for developing land use models. The practice of developing land use 
models have been around for over three decades and the first land use model was called 
the “Lowry Model”, created by Lowry in 1964 (Timmermans 2003). 
The Lowry Model is the most basic urban land-use model. All of the Integrated 
Urban Models created later on were inspired by the Lowry Model (Kanaroglou and Scott 
2002). In the Lowry Model, the economy of a city is divided into two parts: basic and 
non-basic. Basic sector includes manufacturing and primary industries and non-basic 
sector is service industry which provides services to those working in the basic sector and 
their families (Kanaroglou and Scott 2002). The general structure of a Lowry Model is 
shown in Figure 2.2. The upper two boxes shows the spatial interaction on the basis of 
industrial sector and the bottom two boxes shows the interaction on the basis of service 
sector. Industrial employment forecasts are exogenous and the Industrial employment is 
allocated at zone-level in a study area by the Lowry Model. Applied a travel impedance 
variable, the residential locations of industrial employees are selected. This impedance 
could be travel distance between employment locations and residential locations. Based 
on the residential locations of industrial employees, employment in the service sector at 
zone-level is allocated. This service type employment generates other families to be 
allocated. The feedback loop indicates the residential and service locational processes are 
iterated until minimal additional employment is projected (Rosenbaum and Koenig 1997). 
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Figure 2.2: General Structure of Lowry Model  
(Created by Rosenbaum and Koenig, 1997) 
The idea of land use and transportation interacting each other is well accepted 
nowadays. Therefore, integrated urban models (IUMs), known as “state-of-the-art”, are 
implemented for urban planning by integrating two sub-modules- land use model and 
transportation model (Kanaroglou and Scott, 2002). According to Wegener (1995), eight 
subsystems are classified by speed of change to understand integrated urban models: 
networks and land use (very slow change); workplaces and housing (slow change); 
employment and population (fast change); goods transport and travel (immediate change). 
The networks and land almost have no change or change incrementally in a city over time. 
The workplaces (e.g. shopping centers, offices, factories and etc.) and housing change 
faster than the networks and land while change slower than the employment and 
population. It may take hundred years to change workplaces and housing. The 
employment and population could be filled in different workplaces and houses. Though 
Industrial Employment Forecast 
Impedance 
Impedance 
       Locations of Industrial Employment 
Locations of Industrial Employees‟ Residence 
         Locations of Service Employment 
Locations of Service Employees‟ Residence 
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the workplaces and housing change slowly, the employment and population filled in them 
change faster. The goods transport and travel are adjusted in minutes or hours. 
Furthermore, all of the eight subsystems above affect the urban environment by energy 
consumption, air pollution and noise emissions. The author continues to compare thirteen 
land use models by their model theory, policies modeled and subsystems modeled in 
these models. They found most of them are based on random utility or discrete choice 
theory to simulate the behaviour of individuals (e.g. households, firms and travellers). 
Tremendous IUMs have been developed in the history. Kanaroglou and Scott (2002) 
created a list of IUMs and their applications in Table 2.10. Three IUMs are introduced in 
detail in this thesis: MEPLAN, CUF-M and UrbanSim. 
The MEPLAN model includes two sub-modules: land use and transport (Figure 
2.3). In terms of the land use part, the most important system in the MEPLAN Model is 
an input-output model. It helps to estimate the number of households and non-basic 
employment on the basis of exogenous basic employment (i.e. Industry employment 
forecasts). After the projection of households, basic and non-basic employment, a land 
use allocation model is applied in MEPLAN. This model assumes that a land unit is 
occupied by the activities with the highest bid (Rosenbaum and Koenig 1997). From 
Figure 2.3, it becomes obvious that both the rents of land units and impedance (e.g. 
congested travel time between two relative locations) are factors influencing the 
employment and residential locations.  
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Table 2.10: Some integrated and empirically applied transportation and land-use models. 
Models Application 
AMERSFOORT Amersfoort, Utrecht: Netherlands; Leeds: UK 
BOYCEETAL Chicago: USA 
CALUTAS 
Tokyo, Nagoya, Okayama: Japan; Chicago, New York: 
USA 
CATLAS/NYSIM/METROSIM Dortmund: Germany 
DORTMUND Chicago: USA 
KIM San Francisco, Los Angeles, Houston, Dallas: USA 
ITLUP Leeds: UK; Dortmund: Germany; Tokyo: Japan 
MASTER Leeds: UK 
MEPLAN 
Bilbao: Spain; Sao Paolo: Brazil; Santiago: Chile; Naples: 
Italy 
MUSSA Santiago: Chile 
OSAKA Osaka: Japan 
POLIS San Francisco Bay Area: USA 
PSCOG Puget Sound, Washington: USA 
TRANSLOG Stockholm: Sweden 
TOPAZ 
Melbourne, Darwin: Australia; Prince William Co., 
Virginia: USA 
IMULATE Hamilton: Canada 
TRANUS Caracas, La Victoria: Venezuela 
URBANSIM Portland: USA 
(Created by Kanaroglou and Scott, 2002) 
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Figure 2.3: General structure of MEPLAN Model  
(Created by Rosenbaum and Koenig, 1997) 
The transportation portion of MEPLAN is based on a conventional Urban 
Transport Modelling System (UTMS) which will be introduced. 
The California Urban Future model (CUF-M) is a new generation of metropolitan 
simulation model for handling land-use changes in a geographic information system (GIS) 
(Landis 1994). The general structure of the CUF-M and its components is shown in 
Figure 2.4 and Table 2.11, respectively. There are four sub-models that are integrated 
through feedback loops. The annexation-incorporation sub-model helps to forecast the 
future urban form. Information about the predicted urban form is input to the spatial 
database sub-model to allocate the population-growth for the next 5 years. A key 
difference between this land use model and other land use models is the reliance on 
multi-Criteria evaluation in a GIS environment to predict changes in land use. In this 
Exporting Industrial Employment Forecast 
Rents 
Non-Exporting Employment and Total Population Employment 
Employment and Residences Locations and Trips 
  Trip Distribution 
Modal Choice 
Trip Assignment 
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thesis, we will employ MCE to predict land use changes under 3 hypothetical urban form 
scenarios. 
 
Figure 2.4: General Structure of CUF model 
(Source: Landis, 1994) 
 
Table 2.11: Outline of the structure of the CUF model  
Sub-models Description 
Bottom-up population 
growth sub-model 
Five-year population-growth forecasts for each city and county in 
the study region 
The spatial database 
Updates of various map layers that describe environmental, land-
use, zoning, current density, and accessibility characteristics of all 
sites in study area 
Spatial allocation sub-
model 
To allocate the population-growth forecasts to appropriate 
developable land units (DLUs) based on potential profitability 
Annexation-incorporation 
Sub-model 
A series of decision rules for updating city (This will provide 
information for the next iteration) 
(Source: Landis, 1994) 
According toWaddell et al. (2003), UrbanSim is a new urban simulation model 
which is designed to better adjust land use and transportation planning. The model 
Bottom-up population growth 
sub-model (Demand Side) 
 
The spatial database (Supply 
side) 
Spatial allocation sub-model 
Annexation-incorporation sub-model 
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includes economic and demographic transition models, household and employment 
mobility models, accessibility model, household and employment location choice models, 
real estate development model and a land price model. Timmermans (2003) described the 
UrbanSim as a utility-maximizing multinomial logit-based model and introduced the sub-
modules of the UrbanSim briefly. The economic transition model of the UrbanSim 
simulates changes in the jobs by sector and the demographic transition model accounts 
for changes in the population. The household and employment mobility models are 
implemented to predict probabilities of moving from their current locations. The 
household and employment location choice models are used to simulate the choice of 
households, businesses, developers and governments based on some variables (e.g. real 
estate characteristics and land use characteristics). The heart of a real estate development 
(e.g. no development, new development and redevelopment) model is a multinomial logit 
model. This model also relies on various criteria. The land price model simulates the land 
price change in a land grid cell over time.  
IUMs need to consider various types of travel processes, such as park-and-ride, 
multi-destination trips and carpool (Wegener 1995). Modelling Travel Demand 
Management (TDM) strategies, such as intelligent transportation system (ITS), 
congestion pricing, alternative work schedules, telecommuting and jobs-housing balance, 
could also be evaluated by IUMs (Kanaroglou and Scott 2002). However, these 
simulations and evaluations cannot be completed unless the land use models are at a 
disaggregate level. That is the analytical unit cannot be a zone but rather a more detailed 
unit (e.g. an individual, a household and a firm). Thus, future land use models will be 
more disaggregate and Geographic information system (GIS) provides the basic 
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technique for this requirement (Wegener, 1995). Kanaroglou and Scott (2002) stated that 
disaggregate integrated urban models requires activity-based travel demand forecasting 
system to become operational. Timmermans (2003) listed some activity-based models in 
his work such as ILUTE, Ramblas, The Irvine simulation models and ILUMASS. Such 
models are fairly complex and require an immense amount of micro data to be developed. 
Therefore, the conventional UTMS remains the preferred approach to handle travel 
demand in practice.  
2.5.2 Urban Transport Modeling System 
The most common empirical method used to simulate the impacts of land use and 
travel behaviour on a city‟s transport network is the 4-stage urban transportation 
modelling system (UTMS). UTM is seen as “state of practise” (Kanaroglou and Scott 
2002). The general structure of an UTM is shown in table 2.11. The four steps of UTMS 
are: trip generation, trip distribution, modal split and trip assignment. Table 2.11 also lists 
the description and methods used in each of the four steps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
27 
 
Table 2.12: Urban Transportation Modelling System       
Description Some methods 
Trip generation use land use 
information (e.g. residential 
location and employment 
location) to determine the 
number of specific trips, such 
as work-trips and non-work 
trips. 
Regression models  
Categorical data analysis 
(Kanaroglou& Scott, 2002) 
The data generated by trip 
generation can be used in the 
trip distribution process to 
obtain an O-D matrix 
(Original-Destination matrix). 
Growth factor models 
Gravity based spatial 
interaction models 
Disaggregate destination 
choice models (i.e. MNL)  
(Shaw 1993) 
Then the modal split sub-
model uses OD matrices and 
splits them by travel mode 
(motorized, transit, walking, 
etc.) 
Trip end and trip interchange 
models 
Binary logit model and MNL 
(Mathew and Rao 2006) 
Traffic assignment sub-model 
is to translate the zonal OD 
flows into link flows. 
all-or-nothing (AON)  
user equilibrium (UE) 
stochastic user equilibrium 
(SUE) algorithms  
(Sheffi 1985) 
(Source: Maoh et al. 2009)   
In the trip generation, both linear regression model and categorical data analysis 
could be applied. The linear regression model utilizes zonal or household characteristics 
to predict the number of trip generation. The advantages of linear regression include: easy 
to construct models and ability to attain statistical inference about the most important 
Trip distribution 
Modal split 
Traffic Assignment 
Trip generation 
UTMS 
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factors affecting the generation or attraction of trips. However, other methods such as the 
categorical data analysis (or Cross-classification method) are used to predict the number 
of trip generation for categorized individual households (within a zone) with 
homogeneous socioeconomic characteristics. There are four steps in Categorical data 
analysis. The first step is to classify households according to the numbers of persons and 
vehicles. The second step is to tabulate the average number of trips per household for 
each category of household (i.e. trip rates). After the determination of number of future 
household across categories, the last step is to multiply the trip rates by the number of 
future households and add across categories. Categorical data analysis has the advantage 
of no prior assumption about the relationship between different variables as in the 
regression model. However, the disadvantages include no clear relationship between trips 
and associated factors, the method does not show significant factors that could explain 
trip generation, there is no statistical measure to assess goodness-of-fit of the method and 
there is lack of samples when too many factors are considered. 
In terms of trip distribution, three methods as shown in Table 2.11 are commonly 
used to model trip distribution. The growth factor methods include three basic models: 
uniform-factor model, singly constrained growth-factor model and doubly constrained 
growth-factor model (Mathew and Rao 2006). According to the literature, the advantages 
of growth factor method include: simple to understand and follow an observed trip 
pattern. However, this method has various limitations, such as observed trip dependency, 
no explanation of unobserved trips and no change in travel cost.  Shaw (1993) stated that 
“Although the gravity model has a weaker theoretical basis, the gravity model is still the 
most widely used model in trip distribution analysis due to its simplicity and well 
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established calibration techniques.” Production-constrained models, attraction-
constrained models and doubly-constrained models (Entropy maximization model) are 
three kinds of gravity models implemented in trip distribution. In the early 1980s, MNL 
is introduced by Safwat and Magnanti (1982) to model trip distribution. The assumption 
of this method is that the destination of a trip from a given origin has the probability that 
the utility of travel to this particular destination is greater than any other destinations.  
For the modal split stage, the factors affecting mode choice are classified into 
three types based on different elements in a transport system (Mathew and Rao, 2006). 
These are: characteristics of trip maker (e.g. car ownership, possession of a driving 
license, household structure, income, decisions made elsewhere and residential density), 
characteristics of the journey (e.g. trip purposes and time of the day when the trips are 
undertaken) and the characteristics of the transport facility (e.g. travel cost, quality of 
transport facility). As the third step of an UTMS, Modal Split models can be classified 
into two types: Aggregate (zonal data) models and Disaggregate models (Mathew and 
Rao, 2006). Aggregate models include trip end models and trip interchange models at the 
zonal level. Disaggregate modal models simulate how individual/household trip-makers 
choose a mode among a set of available modes. Discrete choice models (e.g. binary logit 
model and MNL) predict the probability of individual‟s choice among discrete 
alternatives (e.g. mode choice, destination choice and route choice). There are two 
assumptions in this approach: people always choose the alternative with the highest 
utility (e.g. travel time) among feasible alternative; the choice of an alternative is subject 
to budget constraints. The random utility theory is used to handle the choice behaviour of 
travelers. 
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As for the last stage of an UTMS, Sheffi (1985) introduced the all-or-nothing 
(AON), user equilibrium (UE) and stochastic user equilibrium (SUE) algorithms as 
common methods for simulating traffic flow on the road network. Besides these three 
traffic assignment methods, Mathew and Rao (2006) introduced other methods including: 
System Optimum Assignment (SO), incremental assignment, capacity restraint 
assignment and dynamic assignment.  The assumption in AON is that trips from an origin 
to a destination are loaded onto a path with the lowest travel cost between them. This is 
unrealistic since other links between the origin and the destination also have trips. 
Furthermore, this method does not consider traffic congestion, which may lead drivers to 
change their route choice (Mathew 2008).  The User Equilibrium (UE) assignment 
accounts for congestion and is based on three assumptions (Methew and Rao, 2006): the 
user knows the path cost very well; travel time on a link is a function of the flow on this 
link only; no traveler can achieve an enhancement of his/her travel time by unilaterally 
switching routes under equilibrium. Different from UE, the SUE assumes that driver‟s 
perception of costs on any given route is not identical (i.e. it allows non minimum cost 
routes to be selected). This assumption is more realistic than what the UE offers.  
2.6 Assessing Impacts via simulation 
Based on reviewed literature, there are some examples about assessing 
transportation impacts via simulation models. For example, Behan et al. (2008) simulates 
the impacts of urban residential intensification scenarios for Hamilton, Ontario. Also, 
Kang et al. (2009) simulates the highway likely impacts of road infrastructure projects in 
the Hamilton Census Metropolitan Area, Canada. Furthermore, Farber et al. (2009) 
simulates the impacts of various urban growth policies in Hamilton, Canada, while Maoh 
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and Kanaroglou (2008) evaluated urban sustainability through simulation models in 
Hamilton, Ontario and Halifax, Nova Scotia. The assessment in all these studies was 
based on IMULATE, an integrated urban model developed for both Hamilton and 
Halifax. 
Behan et al. (2008) tested the concept of smart growth (e.g. urban residential 
intensification) by setting up six scenarios with different percentages of urbanization 
pertaining to various levels of urban residential intensification (URI): Base case scenario, 
0% urbanization, 33% urbanization, 50% urbanization, 66% urbanization and 100% 
urbanization scenarios. Using IMULATE, the authors came to the conclusion that 100% 
urban residential intensification has the lowest vehicular kilometres travelled, vehicular 
minutes travelled, trip numbers, travel congestion, peak period gasoline consumption, 
atmospheric emissions, etc. With the decrease of percentages in urbanization, the 
assessing variables above increase. That means the 0% urbanization scenario (i.e. sprawl 
development) has the highest value of VKT, VMT and emissions. Their approach to 
simulate the relation between land use and transportation is rather innovative from the 
point of view of the smart growth strategy. 
IMULATE is also utilized to simulate the impacts of building new roads in order 
to assess their impacts on travel (Kang et al. 2009). In this study, the authors divided the 
total generated trips into two classifications: induced traffic (e.g. new road constructions 
attract new traffic) and diverted traffic (e.g. divert traffic from other routes) and used two 
variables (e.g. VKT and number of trips) to assess the impacts of two new roads in 
Hamilton, Canada. Three scenarios were defined for the simulations: base scenario 
without both Lincoln Alexander Parkway (LAP) and the Red Hill Valley Parkway 
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(RHVP), LAP scenario which is adding LAP on the base case network and RHVP 
scenario which is adding RHVP on network of LAP scenario. The results of the 
simulations show that the trend of system-wide VKT is different from the trend of 
number of trips among the three scenarios: the system-wide VKT is reduced in RHVP 
scenario while it is increased in the number of trips comparing to the base case scenario. 
The majority of trips are induced trips while a small part of total trips are diverted trips. 
Also, because of the different relationships between the emission and speed for different 
types of pollutants, the trends of emissions are varying in a same scenario: CO and HC 
are reduced in both LAP and RHVP scenarios comparing to base scenario while NOx is 
reduced in LAP and RHVP scenarios comparing to the base case. 
Farber et al. (2009) applied IMULATE to analyze the impacts of various growth 
policies in the future for Hamilton, Canada. The authors set up four scenarios to compare 
the VKT, fuel consumption, peak period emissions, congested speed, congested level and 
harmful emissions among them. These are: base case scenario (characterized as urban 
sprawl), general intensification scenario (40/60 split in residential growth between built-
up area and designed Greenfield area), urban growth center scenario (achieves a defined 
density targets for Hamilton and Burlington) and combined intensification (combination 
of urban growth center scenario and general intensification scenario). The results of this 
study proved the negative effects of sprawl pattern (base case scenario) and positive 
impact of the compact pattern (the urban growth center scenario). The base case scenario 
has the worst performance among all of the scenarios; the combined intensification 
scenario has the minimum VKT, fuel consumption and NOx emissions and urban growth 
center scenario has the lowest congestion level, HC and CO emissions.  
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In the work of Maoh and Kanaroglou (2009), a sustainable sub-module called 
“SUSTAIN” is added to the IMULATE to evaluate the urban sustainability for Hamilton 
and Halifax, Canada.  The sustainable indicators are classified into three types: 
environmental, social and economic indicators. Some of them are obtained directly from 
the IUM (ex. VKT, VMT, fuel consumption and etc.) while others are calculated from the 
sustainable sub-module, such as exposure to harmful emissions. 
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CHAPTER THREE                                                                                                              
DATA AND RESEARCH METHODOLOGY 
3.1 Introduction 
In this chapter, the study area, data under investigation and methodology followed 
in this thesis are presented. Section 3.2 introduces general information about Windsor 
Census Metropolitan Area (CMA) and the sources of data sets. Section 3.3 shows the 
modeling and simulation framework. The methodology in this thesis is based on defining 
simulating and analyzing four urban form scenarios. Those are: status-quo scenario, 
compact development scenario, sprawl development scenario and a multinucleated 
development scenario.  
In Section 3.4, one first present the statistical methods used to identify and 
explain the factors influencing residential location choice decisions in the Windsor CMA 
in the status-quo scenario. Both Multivariate Regression analysis and Multinomial logit 
modelling are utilized to measure the effects of various factors on location choice 
decisions. Next, this research attempts to model the spatial distribution of new dwellings 
and jobs via the multi-criteria evaluation method for the three urban design scenarios (i.e. 
compact scenario, sprawl scenario and multinucleated scenario). The equations to get 
variables used in this thesis are also presented in Section 3.4. 
Computer software utilized in this thesis is presented in Section 3.5. ArcGIS is 
applied to explore the current urban form of the study area, to create suitability maps for 
future land use development and also to present the maps of land use development. After 
the data depicting the four urban forms (i.e. status-quo, compact, sprawl and 
multinucleated urban forms) are set up, the Commute software is utilized. This software 
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helps to estimate origin-destination (OD) trip matrices from the modeled land use 
activities. It also helps to simulate the transportation impacts under the various land use 
regimes. Emission factors obtained by the Mobile6c software are employed to calculate 
harmful emissions due to passenger vehicle traffic. Other statistical software such as 
Microsoft Excel and Gauss 10 were utilized to estimate the statistical parameters of the 
different models.  
Section 3.6 details the procedures to predict the population and employment in 
future years under the four scenarios. Section 3.7 shows the scenarios utilized to replace a 
mode choice model to analyze the impacts of mode choice under different scenarios. 
3.2 Study Area and Data Sources 
3.2.1 Study area characteristics 
The study area selected for this analysis is the Windsor Census Metropolitan Area 
(CMA), which is the southernmost city in Ontario, Canada. Separated by the Detroit 
River, Windsor is located to the southeast of Detroit, Michigan in United States (Figure 
3.1). Windsor CMA includes 11 subdivisions. They are Windsor, Tecumseh, 
Amherstburg, Anderdon, Belle River, Lasalle, Maidstone, Rochester, Sandwich South, 
St. Clair Beach and Tilbury West. The total area of Windsor CMA is approximately 740 
square kilometres. 70 Census Tracts comprise the Windsor CMA and represent the 
Traffic Analysis Zones (TAZs) which will be used in this thesis. Figure 3.2 provides a 
map showing these subdivisions and TAZs.  
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Figure 3.1: City of Windsor in the regional context 
(Source: Wikipedia community) 
 
Figure 3.2: Subdivisions and Census Tracts of Windsor CMA (2006) 
Ontario Quebec 
United States 
City of Windsor 
CBD 
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The population of the entire study area has increased from 307,877 in 2001 to 
323,342 in 2006 (Statistic Canda, 2006). In recent years, continuous land use and 
transportation development in the suburbs have led to a clear decentralization of 
population. Relative to population, the total employment in the study area is about 
140,000. According to Statistic Canada (2006), employment in the city of Windsor can be 
broken into three classes: Industrial (34.42%), Population and Business Services 
(43.77%) and Institutional (21.08%). Figure 3.3 shows the spatial distribution of land 
uses at the TAZ level in the Windsor CMA in 2006. Obviously, most of the developed 
land is located in the Windsor subdivision, in the north-west part of the CMA. Also, 
subdivisions such as Tecumseh, St. Clair Beach, Belle River and part of Lasalle and 
Amherstburg have developed more compared with the remaining subdivisions (e.g. 
Sandwich South, Maid Stone, Rochester and Tilbury West).  
 
Figure 3.3: Land Use spatial distribution in Windsor CMA (2006) 
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In this thesis, the 70 TAZs forming the CMA are classified into three major 
geographic areas: city core TAZs, inner suburb TAZs and suburban TAZs, as shown in 
Figure 3.4. The classification of TAZs into these broad geographical areas will help in the 
design of the various scenarios that will be discussed later on in Section 3.6. 
 
Figure 3.4: Classification of TAZs in Windsor CMA 
3.2.2 Sources of data sets 
The data used in this thesis where acquired from different sources including 
Statistic Canada, Desktop Mapping Technology Inc. (DMTI) and some official forecasts 
for the city of Windsor. Statistic Canada is the official agency responsible of producing 
various statistics to better understand the socio-economic fabric of Canada. A country-
wide census is conducted and published by the Statistic Canada every five years. Datasets 
such as population, employment, new dwellings constructed, average price of existing 
houses come from Statistic Canada. Desktop Mapping Technology Inc. (DMTI) produces 
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various Geographical Information System (GIS) shapefiles, such as road networks, land 
use coverage, schools locations, highways and airports locations for all cities in Canada. 
Official forecasts published online by the city of Windsor were also used including 
employment and population projections. 
3.3 Modeling and Simulation Framework 
The problem addressed in this thesis is to examine and assess the efficacy of a 
particular urban form scenario in terms of its impacts on transportation. The general idea 
is to have results from both a base-case (status quo) scenario and the particular urban 
form scenario in hand. Compact scenario, sprawl scenario and multinucleated scenario 
are three particular scenarios examined in this thesis. In the status-quo scenario, the 
population and employment would develop in the most likely way. That means both 
population and employment would follow a historical trend in terms of their spatial 
distributions. In the compact scenario, a compact development is assumed to occur in 
future years. That means most of the new population and new employment are assigned 
to the city core TAZs. In the sprawl scenario, most of the new population and 
employment are assigned to the suburban TAZs which are far away from the city core.  
Figure 3.5 presents the general structure of the modeling framework used in this 
research project. The framework consists of a land-use sub-module, a transportation sub-
module and an indicator sub-module. 
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Figure 3.5: General Structure of project 
In terms of land-use sub-module, population and employment forecasts at the 
TAZ level for a specific urban form scenario are needed. Once the population and 
employment are predicted at the TAZ level, they are utilized in the transportation sub-
module to obtain link flow information which is provided to calculate performance 
indicators in the indicators sub-module. The feedback loop between the land use sub-
module and the transportation sub-module captures the relationship between land use and 
transportation as discussed in Chapter Two. Basically, some of the variables used to 
predict the population and employment distribution in time t+1 are updated by the 
outcomes of the transportation sub-module from time t. For instance, the accessibilities 
based on congested travel time will be updated in each interval year. The detailed 
procedures for predicting population and employment spatial distribution in future years 
for the different scenarios will be discussed in Section 3.6.  
3.4 Modeling Techniques and methods 
Both statistical methods and multicriteria evaluation (MCE) methods are 
considered in this thesis. In the status quo scenario, statistical methods (namely, 
Multivariate regression analysis and multinomial logit modeling) are employed to predict 
population and employment distribution, while MCE method is used to handle the 
Land Use sub-module 
   Transportation sub-module 
 
Indicators sub-module 
 
Feedback, t+1 
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prediction of population and employment in the compact scenario, sprawl scenario and 
multinucleated scenarios. 
3.4.1 Statistical Methods 
3.4.1.1 Multivariate Regression Analysis 
Linear Regression Models are useful statistical methods to explain the 
relationship between observations of a dependent variable and the observed values of one 
or more independent variables (Pedhazur and Elazar J 1982). The general form of the 
regression equation is shown as follows: 
                             
Where              are the independent variables;    is the error term, which 
presents the difference between observation (  ) and prediction (   ) of the dependent 
variable, that is:  
          
In order to obtain the values of the parameters           , a method termed the 
ordinary least squares is employed (Yan and Su 2009). The concept of this criterion is to 
minimize the sum of the squared residuals (  ) across all of the participants (indicated by 
 ). Therefore, the regression parameters are identified to minimize the following 
expression:  
   
           
 
 
   
 
   
 
Once the optimal b values are obtained, the following expression is utilized to 
predict the dependent variables, that is: 
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In this thesis,    is the observed value of new dwellings in 2006 and           
    are observed TAZ based variables which are believed to influence the emergence of 
new dwelling in the period 2001 to 2006.  
3.4.1.2 Multinomial Logit Modeling 
The multinomial logit modeling technique has been employed in previous studies 
to handle different location choice problems. The concept of utility maximization is used 
to explain the choice process for a particular location and decision maker (Maoh and 
Kanaroglou 2009). In the context of residential development, the assumption is that a 
developer would choose the urban locations which will maximize his/her profit (or 
utility). That means each developer would select the urban location   with the maximum 
utility when developing new dwellings (          . Therefore, the utility function 
for alternative location   and developer  ,      is composed into an observed components 
(   ) and error term (or unknown utility    ): 
            
The error terms     are unobserved and random, so they are assumed to follow a 
particular probability density distribution. In a Multinomial Logit Model, the Gumbel 
distribution is used for the error distribution. The general expression for the probability of 
choosing an alternative location “i” (i=1, 2, 3…C) from a set of C alternatives is 
(Koppelman and Bhat 2006): 
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where       is the probability of decision-maker choosing alternative location i, 
and    is the systematic component of utility of alternative i. The latter is expressed as a 
linear in parameter function as follows: 
                       
where    is the parameter of variable Xn, which determines the importance of 
variable Xn affecting the utility of alternative i. Positive β indicates that there is a positive 
relationship between the utility and the variable, while negative β suggests this variable 
reduces the utility and choice of alternative i. 
The Maximum Likelihood Estimation method is used to estimate the parameters 
of the utility function     based on observed choices made by the decision maker t. The 
first step of maximum likelihood estimation is to develop a likelihood function:  
               
   
        
 
where    =1 is chosen indicator (=1 if i is chosen by individual t and 0, otherwise) 
and     is the probability that individual t chooses alternative i.   
The second step is to estimate parameter values which maximize the log of the 
likelihood function. This could be done by finding the first derivative of the log 
likelihood function and equating it to zero: 
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Therefore, for unknown   s in utility function, k equations could be created to 
solve all of   s.  
In this thesis, the alternatives are the Traffic Analysis Zones (TAZs) while 
individuals are developers trying to locate new dwellings in the TAZs. The number of 
new dwellings constructed in 2001-2006 in a TAZ helped us to obtain the choice 
probabilities. Variables affecting the utility of choosing TAZi for residential development 
are introduced in Section 3.4.3.1.  
The goodness-of-fit of a MNL model is captured with    . This measure is 
expressed as follows: 
   
          
      
   
     
    
 
where             , 0               indicates a perfect model and L(0) 
indicates a no information model,        is the maximized value of the log-likelihood 
which represents the model with the information attained by the included variables X.  
3.4.2 Multi-criteria Evaluation Method 
Multi-criteria Evaluation Approach (MCE) is a powerful tool for decision making 
processes. Boolean and Simple Additive Weighting (SAW) methods are two common 
types of the MCE approach (Malczewski, 1999). The Boolean method is implemented 
based on true or false statements. That is, a land unit is checked to see whether it meets a 
given criterion. If the land unit meets the criterion, a value of 1 would be set. Otherwise a 
value of 0 would be set to it. On the other hand, the SAW method uses a standardized 
value instead of a Boolean expression to measure the actual value of a criterion. In this 
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thesis, the actual values of variables will be used. Therefore the SAW method will be 
used. 
The general form of the SAW method is as follows:  
       
 
 
   
 
where S is the suitability of a TAZ;   
 
 is the standardized value of a factor 
affecting a TAZ‟s suitability for future residential or employment land use;    is the 
weight of a factor; n indicates the total number of factors affecting the suitability of a 
TAZ. 
Ranking (i.e. rank sum weights, rank reciprocal weights and rank exponent 
methods), pariwise comparison, rating and trade-off analysis are four types of methods 
that could be used to determine the weights of chosen criteria (Malczewski, 1999). An 
intuitive approach to show the importance of criteria is to rank the criteria in order. In this 
thesis, the rank reciprocal weights method is utilized. The first step of the rank reciprocal 
weights is to rank all of the criteria in order based on their importance. In this thesis, “1” 
indicates the most important criterion and “2” indicates the second important criterion, 
and so on. The weights are then calculated by the following formula (Malczewski 1999): 
   
    
       
 
where    is the weight of rank j criterion,    is the rank position of the criterion. 
Factors affecting the suitability of development in TAZs could be classified into 
two types of criteria. The first type is known as “Benefit Criterion” which has positive 
impacts on the suitability of TAZs for potential land use development. The other type is 
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known as “Cost Criterion” which has negative effect on the suitability of a TAZ. Before 
being applied in the calculation of TAZ suitability, both benefit criteria and cost criteria 
have to be normalized. In this thesis, the standardization function used for a “Benefit 
Criterion” is:  
  
       
    
and a standardization function used for a “Cost Criterion” is: 
  
         
    
where   
  is the standardized value of   ,    is the actual value of criterion   and 
  
    is the maximum value across all participants (i.e. TAZs in our case).  
Once the suitability of each TAZ for potential development is created, suitability 
propensity could be calculated as follows: 
    
  
   
 
where SPi is the suitability propensity of new development in TAZi.  
3.4.3 Variables 
3.4.3.1 Variables used to distribute dwelling growth 
Fifteen variables are considered in this thesis to model future residential 
development at the TAZ level. Maps illustrating these variables in 2006 are shown in 
Appendix 1. The used variables are: dwelling intensity, average price of existing houses, 
travel time to Central Business District (CBD), accessibility to employment, accessibility 
to school, accessibility to commercial land use, accessibility to recreation land use, 
accessibility to hazard, percentage of open space, Entropy Index, population density, 
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Dissimilarity Index, Mixed Density Index, distance to highways and road density. 
Calculations of these variables are discussed next. 
1. Dwelling intensity. Dwelling intensity is a measure of both temporal intensity and 
spatial intensity of constructed new dwellings in a given TAZi. Dwelling Intensity 
could be obtained by the following function: 
    
      
 
    
      
 
where      is the number of new dwellings constructed in TAZi during interval   
    . Such dataset comes from Statistic Canada and represents the number of new 
dwellings that were constructed in the period 2001-2006;        is the summation of new 
dwellings in all of the TAZs of the CMA during interval       ;        is the total 
number of new dwellings in a TAZ over all of the construction periods (t=1, 2, 3,…, t-1, 
t).  
    
      
  indicates spatial dwelling intensity while 
    
      
 indicates temporal dwelling 
intensity. The following example explains how dwelling intensity works. 
Assume TAZi and TAZj are two zones in the study area. Let the total number of 
new dwellings constructed in TAZi until time t be 1000 dwelling, 100 of which were 
developed during the period t-1 and t. Also, let the total number of new dwellings that 
were constructed in the entire CMA (       ) in the period t-1 and t be 5000. The spatial 
component of the intensity variable is 
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On the other hand, the temporal component is 
    
      
 
   
    
     
Therefore the intensity is                 
In TAZj, let the total number of constructed new dwellings until time t be also 
1000, 10 of which were constructed in the period t-1 and t. The spatial component of the 
intensity variable for TAZj is 
    
      
 
  
    
       
Also, the temporal component is  
    
      
 
  
    
      
Therefore the intensity of development in TAZj is                    . 
Obviously TAZj is more saturated and less attractive for future development compared to 
TAZi, which has higher intensity (i.e. capacity) for future development. 
2. Average price of existing houses. Price is one of the most important factors to be 
considered in one‟s search for a residential location (Waddell et al. 2003). Also, the 
price of a dwelling reflects the quality of a house. The dataset of average price of 
existing houses at TAZ level comes from Statistic Canada. 
3. Travel time to Central Business District (CBD). This variable has impacts on 
location choice of people (Waddell et al. 2003). The CBD is one of the busiest areas 
in a city and is also the original part of a city in early times. Today, most of 
commercial activities in a city are still occurring in the CBD because of the historical 
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influence of the core of the city. It is also because land price at the core is the highest 
and commercial activities can outbid residential land uses for a central location. This 
variable indicates the spatial position of TAZi in a city. TAZs with long travel time 
to CBD are typically located far away from the CBD. The variable also accounts for 
the affect of congestion with respect to the core. 
The variable used is      which indicates travel time between the center of TAZi 
and the center of the CBD TAZj. Travel time was based on the road network shapefile 
which comes from DMTI.  
4. Decay parameter β is not a variable but is an important factor to calculate other 
variables. It is obtained by estimating a Production constrained Model. The general 
function of Production constrained Model is: 
             
where           
      
 
 ;          
      
 
;     
     
 
    ;     is the number 
of work trips between TAZi and TAZj and this data set comes from Statistic Canada;   
is the number of employment in TAZj and it‟s also provided by Statistic Canada;     is the 
travel time between TAZi and TAZj,. Regression analysis is used to obtain parameter α 
and β, where β is the decay parameter. For the Windsor CMA, the decay parameter is -
0.380. 
5. Accessibility. Accessibility is a measure of the ease with which activities can be 
reached from a specific point in space. Potential accessibility is used to measure the 
accessibility of TAZs. The equation of potential accessibility is: 
50 
 
         
  
 
   
 
where    is the potential accessibility of origin TAZi;    is the attractivenss of 
destination j;     is a measure of distance or time between i and j;   is the decay 
parameter. 
In this thesis, accessibility to employment (Karash et al. 2008), accessibility to 
school (Karash et al. 2008), accessibility to commercial land use (Waddell et al. 2003), 
accessibility to recreation land use (Litman 2011), accessibility to hazard are employed to 
model the residential development process. Functions used to obtain those accessibilities 
(Waddell et al. 2003) are shown as follows: 
(1) Accessibility to employment of TAZi:  
              
 
   
 
where Wj is the employment in TAZj; β is the decay parameter;     is the travel 
time between TAZi and TAZj.  
(2) Accessibility to school of TAZi: 
              
 
   
 
where β is decay parameter;     is travel time between TAZi and TAZj. Nj is 
number of schools in TAZj. Number of schools in each TAZ is obtained from schools 
distribution shapefile of DMTI. 
(3) Accessibility to different type land use of TAZi (e.g. commercial 
land use, recreation land use and hazard land use): 
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where β is the decay parameter;     is the travel time between TAZi and TAZj.  Ej 
is the number of employment by types in TAZj (e.g. commercial employment, recreation 
employment and industrial employment); Wj is the total employment in TAZj.  
6. Percentage of open space in TAZi. Open space plays an important role in residential 
development in future years (Turner 2005). It indicates how much space would be 
available for development in a TAZ. This variable is also considered as one of 
people‟s preferences in their search for a home since people prefer open space over 
high density areas. The function for this variable is: 
                          
                 
 
The data set used in this variable is obtained from the land use coverage of the 
DMTI GIS data base. 
7. Entropy Index of TAZi. Entropy is a measure of the extent of land use mixing in a 
TAZ (Potoglou and Kanaroglou, 2008). The Entropy Index ranges from 0 
(homogeneous) to 1(heterogeneous) land use mixing: 
    
        
 
   
      
 
where    
                              
                  
, K is the total number of land-use 
categories which have been considered. 
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8. Population density of TAZi. Litman (2011) stated that people prefer living in areas 
with lower population density if their income allows them to do so. Thus, population 
density becomes an important factor for residential location choice. 
                                                           
9. Dissimilarity Index of TAZi.  The Dissimilarity Index is used to reflect the balance 
between population and employment in a TAZ (Cervero and Kockelman, 1997). The 
equation used to obtain Dissimilarity Index is: 
    
 
 
 
  
    
 
  
    
  
where    is the population in            is the total population in the Windsor 
CMA;    is the employment in     ;     is the total employment in the entire study 
area.  A TAZ is predominantly residential if DIi is well above zero. Conversely, a TAZ is 
predominantly non-residential if DIi is well below zero and a TAZ is well balanced if 
       
10. Mixed density Index. This is a measure of mixture between employment and 
population (Chu, 2002). High mixed density indicates a better balance between jobs 
and housing. The expression of Mixed density Index is: 
     
       
       
 
 
 
   
 
 
   
 
where     is the density of population in TAZi,     is the density of employment 
in      
11. Distance to highways. This is a measure of transport convenience for TAZi. This 
variable also has impacts on residential location choice (Carey 2001). In this thesis, 
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Euclidean Distance to highway is used. The entire study area was divided into grid 
cells with a size of 200m×200m. Each grid cell has a Euclidean Distance from its 
center to the nearest highway. Summarize all of the distances of grid cells in TAZi, 
one can get a total distance of grid cells in TAZi. Divided by the total number of grid 
cells in TAZi, the total distance helps to get an average distance to highways for 
TAZi to calculate this variable. The DMTI road shapefile was used. 
12. Road density (Wydeven, 2001). To some extent, road density reflects a better level 
of transportation service and the accessibility to amenities. The equation of road 
density is: 
                                 
                  
 
Again, the DMTI road network was employed to devise the road density variable. 
Most of the variables described above are updated with time. Because the area of 
a specific land use is changed with time, the related variables, such as Entropy Index and 
percentage of open space, would be updated every 5 years. Similarly, other data sets such 
as population, dwellings and employment will change in future years, so variables related 
to them (i.e. Dwellings intensity, population density, accessibility to employment, 
accessibility to land use types, Dissimilarity Index and Mixed Density Index) are 
updated. Also, the congested travel time used to calculate different types of accessibilities 
is changed over time during simulations. The remaining variables (e.g. average price of 
existing houses, travel time to CBD, distance to highways and road density) are assumed 
constant in the next 20 years.  
54 
 
3.4.3.2 Variables used to distribute employment growth 
In terms of employment spatial distribution in future years, nine variables are 
considered. These are: accessibility to recreational land use, accessibility to commercial 
land use, accessibility to hazard land use, accessibility to Institutional land use, 
accessibility to population, Travel time to CBD, dwellings constructed in previous five 
years, distance to highways and distance to airport. Some of the variables have been 
introduced in Section 3.4.3.1. The rest of variables which are deemed to affect 
employment at the TAZ level are listed as follows: 
1. Accessibility to Institutional land use in TAZi.  
 
  
  
           
 
   
 
Where β is the decay parameter;     is the travel time between TAZi and TAZj. Ej is 
the number of Institutional employment which is obtained from Statistic Canada. 
2. Accessibility to population of TAZi.  
              
 
   
 
where   is decay parameter;    is the population in TAZj;     is travel time between 
TAZi and TAZj. 
3. Dwellings constructed in previous five years. New employment is created to service 
new population so dwellings constructed in previous five years affects residential 
development in future years. This dataset is derived comes from the Canada Census. 
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4. Distance to airport. Similarly as “Distance to highways” in Section 3.4.3.1, 
Euclidean Distance is employed to calculate this variable. The Airport shapefile is 
derived from the DMTI. 
3.5 Computer Software Packages 
Four types of software are applied in this thesis: ArcGIS, Commute, Mobile6c 
and other statistical software.  
3.5.1 ArcGIS 
ArcGIS 10 is utilized in this thesis. The software is developed by Environmental 
Systems Research Institute, ESRI (2010). ArcGIS is a powerful tool to explore the nature 
and morphology of the study area (the city core, inner suburban and suburban areas).This 
is accomplished by analysing and displaying data using maps and tables. More 
specifically, ArcGIS is useful to organize various spatial datasets, visualize and analyze 
land use and transportation data, calculate factors and visualize spatial patterns 
(Malczewski 1999). In this thesis, ArcGIS 10 is used to input, model and analyze data. It 
is also used to create maps from the analyzed data. ArcGIS is also used to handle and 
model the data used to develop the various urban form scenarios. Here, the Model 
Builder of ArcGIS 10 was used to create several spatial models to calculate many of the 
variables used in the multi-criteria evaluation method (MCE). The Model Builder visual 
routines created in ArcGIS 10 are displayed in Appendix 2. Three models were created 
and named as “O-D matrix calculation model”, “Standardization Model” and “Suitability 
of location choice calculation Model”. The O-D matrix calculation model is utilized to 
calculate the inter-zonal travel time matrix between the various Traffic Analysis Zones 
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(TAZs) based on the road network of the study area. The Standardization Model is 
created to normalize the actual value of each criterion used in the MCE models. The 
Suitability of location choice calculation Model helps calculate the suitability index for 
developing a particular type of land use in a given TAZ under the studies scenarios. For 
example, criteria 1 to 8 shown in the third model in Appendix 2 could represent the 
factors affecting the residential land use development for a given scenario. In such case, 
criteria 1 stands for population density, criteria 2: dwelling intensity, criteria 3: percent of 
open space, criteria 4: accessibility to employment, criteria 5: accessibility to recreational 
land use, criteria 6: accessibility to industrial land use, criteria 7: travel time to CBD and 
criteria 8: average value of existing houses, respectively. However, the model has the 
flexibility to increase or decrease the number of criteria depending on the scenario 
modeled.  
3.5.2 Commute 
COMMUTE (Version 1.0-2010) is a GIS-T tool for simulating traffic flows and 
associated performance and environmental measures of a given designed land use growth 
scenario. The software is developed by Dr. Hanna Maoh at the University of Windsor and 
was programmed by Mr. Steve Spencer (P.Eng).  
A trip distribution model based on the Iterative Proportional Fitting method (IPF) 
is used to estimate the future travel demand under any given urban form scenario. 
Combined with original origin-destination OD trip matrices, population and employment 
distribution in each zone are employed in the IPF model to update the base year OD‟s. 
Here, the IPF method is applied to deal with the trip distribution problem of motorized 
OD trips. This is because we do not have a mode choice model for the Windsor CMA. 
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For some cases, if population density is increased substantially for certain zones, we can 
assume that people in those zones may prefer to use transit, thus, we could reduce 
motorized trips in those zones after applying the IPF method to estimate the future ODs. 
The outputs of a simulation from Commute contain link traffic flows, travel time, 
congestion and energy consumption. 
3.5.3 Mobile6c 
Mobile6c, the Canadian version of mobile6, is a computerized model created by 
the Environmental Protection Agency (EPA). This software is used to calculate the 
emission factors based on input information gained from National Climate Data and 
Information Archive (NCDIA). In this thesis, temperature, pressure and relative humidity 
for Windsor for the year 2006 were acquired from NCDIA and used to run mobile6c. The 
output from running mobile6c for Windsor resulted in emission factors of various 
pollutants under various driving speeds. Figures 3.6 to 3.9 show the emission factor plots 
based on the output of Mobile6c. Curve filling was applied to the data plotted in Figures 
3.6 to 3.9 to obtain a function relating emission (gram/mile) to speeds (miles/hr). Figure 
3.6 shows the Hydrocarbon (HC) emission factor curve utilized to calculate HC emission. 
Both Figure 3.7 and 3.8 represent the Carbon Monoxide (CO) emission factor curves. In 
the CO case, two curves were used to obtain a better fit. If the speed is lower than 56 
mile/hr, the curve relating CO emissions to speed is best represented by an exponential 
function. On the other hand, for speeds equal to or higher than 56 mile/hr, the curve used 
to fit the data is a linear function. Figure 3.9 shows the Nitrogen Oxides (NOx) emission 
factor curve. The function representing the relationship between speed and emissions is a 
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quadratic polynomial and is presented in the figure. In all cases, x represents the speed 
and y represents the corresponding emission factor. 
Once the emission factor for pollutant p         is determined by the emission 
factor curve of pollutant p associated with the travel speed s, the emission for pollutant p 
is calculated as follows: 
                   
Where        is the Vehicle Kilometers Traveled (VKT) on link   that generates 
congested speed is: 
                     
Where       is traffic flow on link   and         is length of the link. 
 
Figure 3.6: Relationship between speed and HC emission factor 
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Figure 3.7: Relationship between speed and CO emission factor (Speed < 56 miles/hr) 
 
Figure 3.8: Relationship between speed and CO emission factor (Speed >=56 miles/hr) 
        
Figure 3.9: Relationship between speed and NOx emission factor 
y = 122.95x-0.63 
R² = 0.9242 
0 
20 
40 
60 
80 
100 
120 
0 10 20 30 40 50 60 
 C
O
 E
m
is
si
o
n
 (
g/
m
ile
) 
Speed (Miles/hr) 
CO emission (speed<56 
miles/hr) 
Power (CO emission 
(speed<56 miles/hr)) 
y = 0.4259x - 11.019 
R² = 0.9999 
0 
5 
10 
15 
20 
54 56 58 60 62 64 66 
C
O
 E
m
is
si
o
n
 (
g/
m
ile
) 
Speed (Miles/hr) 
CO emission (speed>=56 
miles/hr) 
Linear (CO emission 
(speed>=56 miles/hr)) 
y = 0.0006x2 - 0.044x + 1.9561 
R² = 0.9239 
0 
0.5 
1 
1.5 
2 
2.5 
0 20 40 60 80 
N
O
x 
Em
is
si
o
n
 (
g/
m
ile
) 
Speed (miles/hr) 
NOx emission 
Poly. (NOx emission) 
60 
 
3.5.4 Statistical Software 
The statistical software utilized in this thesis includes Microsoft Excel and Gauss 
10. Excel is a useful tool to calculate the variables used in the statistical analysis. The 
regression analysis tool in Excel also helps to identify the significant factors affecting 
new development in the status-quo scenario. Also, data stored as an Excel file could be 
joined easily to an attribute table in a shapefile in ArcGIS so that the data could be 
mapped.  
Gauss is a programming tool for handling large data sets and estimating advanced 
statistical models. In this thesis, Gauss is used to estimate the MNL models described 
earlier. The source code of the Gauss program was developed by Dr. Mark Fergnson, 
from McMaster University. The 2006 Canadian Census data was used to estimate the 
MNL models in Gauss. 
3.6 Urban Design Scenarios 
The framework for handling the population and employment forecasts within the 
land-use sub-module is shown in Figure 3.10. The procedures to obtain population and 
employment forecasts are as follows: 
1. Predict the aggregate number of dwelling growth and employment growth in the 
Windsor CMA for any given year t+1.  
2. Distribute the aggregate number of new dwellings and new employment to the 70 
TAZs forming the Windsor CMA using TAZ based propensities. These propensities 
could be obtained by either statistical methods or multi-criteria evaluation (MCE) 
method.  
3. Use the average size of dwellings in a TAZ to obtain new population in each TAZ. 
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The size of TAZ is assumed unchanged over time. 
4. Based on the existing 2006 population and employment distribution in the Windsor 
CMA, population and employment distribution in future years could be estimated by 
adding new population and new employment to the 2006 figures, respectively. 
 
 
 
 
 
 
 
 
 
 
Figure 3.10: General Structure of Land-Use Sub-Module 
3.6.1 Status-quo Scenario 
In the status-quo scenario, new employment distribution is predicted based on 
official forecasts. Section 3.6.1.1 shows the procedures to predict employment 
distribution in future years. Section 3.6.1.2 deals with the question of how many new 
dwellings are constructed in a TAZ.  
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3.6.1.1 Employment Sub-Model 
A number of assumptions are used to predict the employment spatial distribution 
at TAZ level in the status-quo scenario. These assumptions are as follows: 
1. Employment will exhibit a growth trend in future years. 
2. The share of new employment of each type in the past 5 years is utilized to calculate 
the new employment of each type in the next 5 years. 
3. The percentage of one employment type in a TAZ compared to the total employment 
of that type for all TAZs is used to distribute new employment type to TAZs. TAZs 
which lost employment from 2001 to 2006 are not considered as potential 
employment development TAZs (i.e. no employment is distributed to these TAZs). 
A simple example is set up to detail the procedures to predict employment 
distribution in future years: 
Assume we have two TAZs in the study area. Also, assume the total employment 
in the study area is classified into three types (sectors). Table 3.1 shows the three 
employment types in the two TAZs in 2001. Also, Table 3.2 shows the employment 
distribution in 2006. Let us assume that the total new employment from 2006 to 2011 is 
predicted to be 50. The problem in hand is to show how to distribute the new 50 jobs to 
the two TAZs in order to obtain the predicted distribution of employment in 2011. 
Table 3.1: Employment distribution at the TAZ level, 2001  
Employment types Type A Type B Type C 
TAZ1 25 30 80 
TAZ2 30 40 90 
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Table 3.2: Employment distribution at the TAZ level, 2006 
Employment types Type A Type B Type C 
TAZ1 30 23 87 
TAZ2 40 45 100 
The solution for this problem is obtained in five steps: 
1. Consider the total employment in the city by type to calculate each employment type 
as a percentage of total employment in 2006. These percentages are used to 
determine the type (sector) share of new employment in the study area in year 2011. 
This can be seen in Table 3.3. 
Table 3.3: Example of calculation in step 1 
Employment types Type A Type B Type C Total 
TAZ1 30 23 87 140 
TAZ2 40 45 100 185 
Sum 70 68 187 325 
% of employment type =70/325=21.54% =68/325=20.92% =187/325=57.54% 100% 
CMA wide growth =50×21.54%≈11 =50×20.92%≈10 =50×57.54%≈29 50 
2. Calculate employment growth from 2001 to 2006 by subtracting employment in 
2001 from employment in 2006, as shown in Table 3.4.  
Table 3.4: Example of calculation in step 2 
Employment types Type A Type B Type C 
TAZ1 30-25=5 23-30=-7 87-80=7 
TAZ2 40-30=10 45-40=5 100-90=10 
3. Use the outcome from step 2 to calculate the percentage of each employment type in 
a TAZ relative to the total from all TAZs (Table 3.5). It should be noted here that 
some of the TAZs might have a decrease in employment growth (e.g. -7 shown in 
Table 3.5). Negative numbers are not considered in the calculation of each 
employment type growth. In other words, TAZs experiencing a decrease in 
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employment are not potential areas for future growth. 
Table 3.5: Example of calculation in step 3 
Employment types Type A Type B Type C 
TAZ1 5/(5+10)=33.3% -7 7/(7+10)=41.2% 
TAZ2 10/(5+10)=66.7% 5/5=100% 10/(7+10)=58.8% 
4. This step involves calculating growth by employment type for each TAZ. The 
predicted CMA wide growth by type from Table 3.3 is used in conjunction with the 
proportions obtained from step 3 to predict the growth by employment type at the 
TAZ level as shown in Table 3.6. 
Table 3.6: Example of calculation in step 5 
Employment types Type A Type B Type C 
TAZ1 33.3%×11=4 0 41.2%×29=12 
TAZ2 66.7%×11=7 100%×10=10 58.8%×29=17 
5. The last step is to calculate the employment distribution in 2011. The basic idea of 
this step is to add the new employment (2006-2011) obtained in Table 3.6 to the 
2006 employment shown in Table 3.2. The results are shown in Table 3.7. 
Table 3.7: Example of calculation in step 6 
Employment types Type A Type B Type C 
TAZ1 30+4=34 23+0=23 87+12=99 
TAZ2 40+7=47 45+10=55 100+17=117 
3.6.1.2 Land use coverage modeling 
The land use coverage of a particular type L for future year t+1 is updated during 
each simulation period         for use as input to predict the population and 
employment spatial distribution for time t+2. The updates are based on the predicted 
employment for time t+1 being the year 2011. A key assumption in predicting changes in 
65 
 
the land use coverage is to use a fixed employment density. EDP consulting estimated 
that employment density would be roughly between 23 and 28 employees per net hectare 
of land in the Windsor CMA. Adopting a more restrictive density of 28 employees per 
net hectare, the land use coverage L(t+1) was updated. 28 employees per net hectare is 
equivalent to an area of 360 square meters per one employee. Therefore, the land use 
coverage area for time t+1 can be updated as follows: 
                         
Where: L(t) is the area of land use type L at time t;         is time t+1 
employment of type n which is associated with land use type L. The land use types and 
associated employment of type n are presented in Table 3.8. 
Table 3.8: Land use types and corresponding employment types 
Land use L Employment n 
Hazard land use Industrial employment 
Government and institutional land use Institutional employment 
Recreational land use Occupations in art, culture, recreation and sport 
Commercial land use 
Business, finance, sales, administrative and service 
employment 
Before updating residential land use at time t+1, open space left for new 
residential land use is calculated: 
                                              
where O(t+1) is the area of open space left for residential land use at time t+1; A 
is the total area of a TAZ; H(t+1) is the area of hazard land use at time t+1; C(t+1) is the 
area of commercial land use at time t+1; G(t+1) is the area of government and 
institutional land use at time t+1; K(t+1) is the area of parks and recreational land use at 
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time t+1; R(t) is the area of residential land use at time t and W is the area of water body 
which is kept constant over the next 20 years. 
O(t+1) is utilized to find how many “new dwellings” could be added to a TAZ. 
Because of land use area limitation, the maximum capacity of TAZi for newly 
constructed dwellings needs to be considered. This maximum capacity of a given TAZi 
could be estimated as follows: 
                       
where 770             is the average area occupied by one dwelling. This is 
obtained by the following equations: 
 
       
       
 
       
       
                        
where POP2001 is the total population in 2001; POP2006 is the total population 
in 2006; R(2001) is the area of residential land use in 2001; R(2006) indicates the area of 
residential land use in 2006; 2.57 is the average size per dwelling and this value comes 
from Statistic Canada. 
In some TAZs, the area of open space left O(t+1) might be negative (       
 ). This is because in those TAZs, the land use area needed for employment based on 
land uses at time t+1 is overestimated. To account for this, we made the assumption that 
if the area of open space at time t is not enough for new employment land use, part of  the 
residential land use at time t would be converted into employment land use at time t+1 in 
order to satisfy employment land use growth. Furthermore, those TAZs with negative 
areas of open space left at time t+1 will have no capacity for constructing new dwellings. 
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The capacity of each TAZ for new dwellings will be discussed in details in the next 
section.  
3.6.1.3 Population Sub-Model 
Linear Regression Modeling (LRM) and Multinomial Logit Modeling (MNL) are 
two methods considered to predict the spatial distribution of new constructed dwellings in 
future years. While LRM was first considered, the method was abandoned in favour of 
using the MNL modeling techniques given the superiority in the predictions performed 
with the latter. 
3.6.1.3.1 Application of Multivariate Regression Analysis 
All of the variables mentioned in Section 3.4.3.1 were considered in the 
Multivariate Regression Analysis (Table 3.9).  
Table 3.9: Variables considered in Linear Regression analysis 
NO. Variables NO. Variables 
1 Dwelling Intensity 9 Percentage of open space 
2 Average price of existing houses 10 Entropy Index 
3 Travel time to CBD 11 Population density 
4 Accessibility to employment  12 Dissimilarity Index 
5 Accessibility to schools 13 Mixed density 
6 Accessibility to commercial land use 14 Distance to highways 
7 Accessibility to recreational land use 15 Road density 
8 Accessibility to hazard land use 
  
If the t-statistic of a variable falls in a range of -1.96 to 1.96, the coefficient of this 
variable is not significant and cannot be differentiated from zero. As a result, the variable 
could be neglected and the rest of the variables with a significant t-statistics value are 
kept in the model. Typically, the variables are included based on our a priori expectation 
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and usually variables that have significant coefficient or marginally significant coefficient 
are kept. The following equation shows how to predict new dwellings in a TAZ can be 
modeled in a LRM: 
    β     β       β     
where     is the number of new dwellings in a     , β  is the coefficient of 
variable     to     are the variables explaining the observed number of new dwelling in 
    . 
3.6.1.3.2 Application of Multinomial Logit Modeling 
We divided the Windsor CMA into three major areas: city core area, inner 
suburban area and suburban area. Because the residential development process in the 
three main areas forming the city does not rely on the same variables, the specification of 
the location choice models will be different for each one. Table 3.10 lists the variables 
considered in the three models (namely, city core model, inner suburban model and 
suburban model). The variable checked indicates their inclusion variable in a given 
model. 
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Table 3.10: Variables employed by Multinomial Logit modeling in three areas 
Variables City Core area Inner Suburb area Suburban area 
Dwellings intensity    √  √ 
Accessibility to employment  √  √  √ 
percentage of open space in zone  √  √   
Entropy Index  √     
Dissimilarity Index  √  √  √ 
Average price of existing houses √ √ √ 
population density  √     
travel time to CBD  √  √   
Distance to highway  √     
Mixed Density  √  √  √ 
Road Density    √   
The general utility function of choosing TAZi as a location for constructing a new 
dwelling is given as follows:  
        
 
   
 
where    is the coefficient of variable    to be estimated via the maximum 
likelihood estimation method in Gauss.  
Once the utility of each TAZ has been calculated, the probability of choosing 
TAZi could be obtained as follows: 
      
        
         
 
   
 
where    is the utility of choosing TAZj as a location for constructing a new 
dwelling.  
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The above MNL probability is used to calculate the number of new dwelling 
(NDi) in TAZi. That is:               where ND is the total number of newly 
constructed dwellings in a specific area for which TAZi Belongs. 
The predicted total number of newly constructed dwellings in the CMA is used to 
calculate ND for the three main areas comprising the CMA. A linear extrapolation using 
historical data is used to determine the CMA wide new dwellings in future years. 
The share of the total dwellings that were constructed in the city core area, the 
inner suburban area and the suburban area were 18.6%, 65.5% and 15.9%, respectively 
during the period 2001-2006.  
These shares are utilized as a first step to determine ND for each area. For 
instance, it is predicted that 13317 new dwellings will be constructed in the CMA in the 
period 2006-2011. The number of new dwellings constructed in the city core area is 
therefore: 
                                      , 
the number of new dwellings constructed in the inner suburban area is: 
                                 , and 
the number of new dwellings distributed to the suburban area is: 
                           . 
However, not all of the 2477 new dwellings are allocated in the city core area due 
to capacity constraints of the available developable land. Consequently, a shift of new 
dwellings from one area to another is possible. Also, the number of new dwellings 
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constructed in the inner suburban area and suburban area are not exactly the same as the 
number calculated above when shifts are applied. 
Typically, the 18.6%, 65.5% and 15.9% shares are used to obtain area based new 
dwellings. The MNL probabilities are then used to obtain an initial estimate of new 
dwellings at the TAZ level. However, as mentioned earlier, fine tuning and shifting is 
applied to make sure capacity constrains for development are met. The following simple 
example is used to illustrate the procedures of fine tuning (or shifting) the allocation of 
new dwelling among TAZs.  
Assume we have four TAZs in a CMA. The capacity of each TAZ (i.e. how many 
dwellings could exist in a TAZ) and the initial number of new dwellings predicted by a 
MNL model in each TAZ are listed in Table 3.11.   
Table 3.11: Capacities and predicted new dwellings in TAZs  
  TAZ1 TAZ2 TAZ3 TAZ4 
Capacities 10 20 30   10 
New dwellings predicted by MNL 7 25 20   13 
1. To start with, if the number of dwellings predicted by the MNL model is smaller than 
the capacity of a TAZ, all of the predicted new dwellings could be accommodated in 
that TAZ. Obviously, the predicted number of new dwellings in TAZ1 and TAZ3 are 
smaller than the capacity of TAZ1 and TAZ3 (Table 3.11). Therefore, no fine tuning 
is required for these TAZs.  
2. However, TAZ2 could only handle 20 new dwellings but 25 new dwellings are 
predicted by the MNL (Table 3.11). Also, TAZ4 can handle 10 dwellings but 12 are 
predicted by the MNL. Therefore, only 20 and 10 new dwellings are filled into TAZ2 
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and TAZ4, respectively. The remaining 5 and 3 dwellings from TAZ2 and TAZ4 are 
aggregated and allocated to other unsaturated TAZs proportionally. In this example, 
the total difference between updated total new dwellings (Table 3.12) and predicted 
total new dwellings by MNL (Table 3.11) is: 
                            
Table 3.12: Updated new dwelling distribution 
  TAZ1 TAZ2 TAZ3 TAZ4 
Capacities 10 20 30   10 
New dwellings 7 20 20   10 
3. The 8 new dwellings are allocated to TAZ1 and TAZ3 proportionally since these two 
TAZs are unsaturated. The percentage of new dwellings in TAZ1 compared to the 
total for all unsaturated TAZs is: 
             
       and in TAZ3, the percentage is: 
              
4. The number of additional dwelling filled in an unsaturated TAZ equals the total 
difference (which 8 new dwellings) times the percentage of new dwellings in an 
unsaturated TAZ compared to the total for all unsaturated TAZs (step 3): 
        in TAZ1 and         in TAZ3 
5. The number of new dwellings in each TAZ is calculated by adding the additional 
new dwellings in step 5 to the number of new dwellings in Table 3.12. The updated 
number of new dwellings is presented in Table 3.13. 
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Table 3.13: Final new dwelling distribution 
  TAZ1 TAZ2 TAZ3 TAZ4 
Capacities 10 20 30 10 
New dwelling distribution =7+2=9 =20+0=20 =20+6=26 =10+0=10 
It should be noted that the procedure will keep iterating until each TAZ has a 
number of new dwellings smaller than or equal to the capacity of the TAZ. In this 
example, the numbers of new dwellings met the capacity constrain after the first iteration. 
3.6.2 Compact Scenario 
In this scenario, Multi-criteria Evaluation Method is implemented to predict new 
employment distribution and new dwelling distribution over the next 20 years. The 
assumptions used in the compact development scenario are shown as follows: 
1. The total forecasted dwellings and the total forecasted jobs have been divided into 
two parts: 85 percent of new dwellings and new jobs are distributed in the city core 
area and the inner suburban areas, and 15 percent of new dwellings and jobs are 
distributed in the suburban area.  
2. In the employment prediction sub-module, the employment is classified into four 
types: Industrial employment (INDUS), Institutional employment (INSTITU), 
recreational employment (RECREA) and commercial employment (COM). 
Consequently, four MCE Models are developed for this scenario. 
3. The variables affecting residential development are listed in Table 3.14. Following 
the literature, accessibility measures such as “accessibility to schools”, “accessibility 
to commercial land use”, “accessibility to recreational land use” and “accessibility to 
employment” are hypothesized to have a positive impact on residential development. 
Initially, home buyers prefer living in an area with high accessibility to various 
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amenities. Since this scenario is attempting to reflect smart growth, the Central 
Business District (CBD) is always attractive to residential development. 
Consequently, “Travel time to CBD” is used as a cost criterion for residential 
development (that is, shorter travel time to CBD makes the area more attractive). 
Developers appreciate the existence of new recent development and in a way are 
more likely to expand in those areas since it is cheaper for them to develop in close 
proximity to recent and existing development. Therefore, “Dwellings intensity” is a 
benefit criterion in this case. Highways help commuters to travel to places in a fast 
and convenient manner. Therefore, areas that are within a long distance from 
highways will be less likely to develop. Here, “Distance to highway” is a cost 
criterion. Home buyers prefer living in a good environment so “accessibility to 
hazard land use” is introduced as a cost criterion for residential development. 
Furthermore, “Population density” is not an important factor for residential 
development in this scenario. Intuitively, the “Average value of existing houses” is 
introduced as a benefit criterion in this compact scenario. Typically, dwellings with 
higher value are always associated with higher quality and better amenities. To strike 
a balance between housing cost (as a disutility) and compact development, the 
average value of existing housing variable is ranked lower than other variables in this 
MCE model.  
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Table 3.14: Criteria affecting residential development in Compact scenario 
NO. Criteria Type of criterion 
1 Accessibility to schools Benefit 
2 Accessibility to commercial land use Benefit 
3 Accessibility to recreational land use Benefit 
4 Accessibility to employment Benefit 
5 Travel time to CBD Cost 
6 Dwellings intensity Benefit 
7 Distance to highways Cost 
8 Accessibility to hazard land use Cost 
9 Population density Cost 
10 Average value of existing houses Benefit 
 
4. Variables affecting Industrial employment (INDUS) development, Institutional 
employment (INSTITU) development, recreational employment (RECREA) 
development and commercial employment (COM) development are shown in Table 
3.15 and are checked if specified in the model. Common variables in the four MCE 
employment models are: “accessibility to population”, “Travel time to CBD”, 
“Dwellings constructed in previous five years”, “Distance to highways” and 
“Distance to airports”. To account for the effects of agglomeration economies (Maoh 
and Kanaroglou, 2007), “Accessibility to hazard land use” is used in the industrial 
employment model, “Accessibility to commercial land use” is used in the 
commercial employment model, “Accessibility to recreational land use” is used in 
the recreational employment model and “Accessibility to institutional land use” is 
used in the institutional employment model.  
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Table 3.15: Criteria affecting employment land use in Compact scenario  
Criteria Type  INDUS COM RECREA INSTITU 
Accessibility to hazard land use Benefit √       
Accessibility to commercial land use Benefit   √     
Accessibility to recreational land use Benefit     √   
Accessibility to institutional land use Benefit       √ 
Accessibility to population Benefit √ √ √ √ 
Travel time to CBD Cost √ √ √ √ 
Dwellings constructed in previous 5 year Benefit √ √ √ √ 
Distance to highways Cost √ √ √ √ 
Distance to airports Cost √ √ √ √ 
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3.6.3 Sprawl Scenario 
Multicriteria Evaluation (MCE) approach is employed in the sprawl scenario and 
the procedures for predicting population and employment distribution are similar to those 
used in the compact scenario. The assumptions employed in the sprawl scenario are as 
follows: 
Only 10 percent of new dwellings and new jobs will go in the city core and inner 
suburban areas, and the remaining 90 percent are distributed to suburban TAZs. Similar 
to the compact scenario, four employment types (i.e. Industrial, Institutional, recreational 
and commercial employment) are handled independently. The specific criteria affecting 
residential development in the sprawl scenario are shown in Table 3.16. Furthermore, the 
criteria affecting employment development are the same as those used in the compact 
scenario (Table 3.15).    
Table 3.16: Criteria which affect residential development in Sprawl scenario 
NO. Criteria Type of criterion 
1 Accessibility to hazard land use Cost 
2 Population density Cost 
3 Distance to highway Cost 
4 Average value of existing houses Benefit 
5 Dwellings intensity Benefit 
6 Accessibility to employment Benefit 
7 Accessibility to commercial land use Benefit 
8 Accessibility to schools Benefit 
9 Accessibility to recreational land use Benefit 
10 Travel time to CBD Cost 
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3.6.4 Multinucleated Scenario 
The multinucleated scenario assumes the existence of more than one center in the 
Windsor CMA. Before distributing new dwellings and employment to TAZs, the 
potential centers have to be determined. Intuitively, the chosen centers should have the 
heaviest population density, employment density, mixed density and road density in the 
entire study area. Consequently, four criteria are used to determine the potential centers 
via the MCE method, as shown in Table 3.17.  
Table 3.17: Criteria affecting formation of potential city cores  
NO. Criteria Type of Criterion 
1 Road density Benefit 
2 Population density Benefit 
3 Mixed density Benefit 
4 Employment density Benefit 
The specific assumptions which are employed to distribute new dwellings and 
employment in this polycentric scenario are as follows: 
1. 40% of new dwellings and employment are allocated to the major core area (i.e. city 
core and inner suburb TAZs). On the other hand, other centers will receive 50% of 
the total growth. The remaining TAZs will absorb the rest 10% of total growth. 
2. The criteria used to predict the four employment types (e.g. Industrial, Institutional, 
recreational and commercial employment) are the same as those used in the compact 
and sprawl scenarios (Table 3.15).  
3. The criteria affecting residential development in the polycentric scenario are listed in 
Table 3.18.  
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Table 3.18: Criteria affecting residential development in polycentric scenario 
NO. Criteria Type of criterion 
  1 Dwellings intensity Benefit 
  2 Accessibility to employment Benefit 
  3 Road density Benefit 
  4 Accessibility to recreational land use Benefit 
  5 Accessibility to hazard land use Cost 
  6 Accessibility to commercial land use Benefit 
  7 Average value of exisitng houses Benefit 
3.7 Auto share change scenarios 
Because the Windsor CMA lacks an operational mode choice model, auto share 
change scenarios are proposed to analyze the effects of mode change for the simulated 
four urban form scenarios. In the compact scenario, the concentration of population and 
employment in the city core and the inner suburban areas is expected to make people 
change their mode choice from car to transit. This results in a reduction in auto share in 
the city core and the inner suburban area. In the sprawl scenario, the majority of new 
population and employment are located in the suburban area. This may slightly increase 
the automobile usage in the suburbs. Seven types of auto share change are set up to 
examine the impacts of mode choice change on traffic performance (Table 3.19). In this 
thesis, the “very unlikely” and “Unlikely” scenarios are not tested since their likelihood 
of occurrence is minimal. The following example is used to show the procedures of 
changing the total number of auto trip productions Oi and attractions Dj in a trip matrix.  
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Table 3.19: Auto share changes in the four scenarios 
Auto share change +7.5% +5.0% +2.5% 0% -2.5% -7.5% -15.0% 
Status Quo                               
Compact                                
Sprawl                                  
Multi-nucleated                                
Note: Likely (   ), Very likely (    ), Unlikely (   ), Very unlikely (    ) 
Consider the OD trips matrix shown in Table 3.20. If the current auto share is 80% 
and the reduced auto share in a given mode choice scenario is 77.5% (-2.5% auto share is 
applied), then the total trips in the -2.5% scenario is： 
                  
The next step is to allocate the difference of the total trips into certain TAZs. In 
this example, the difference between the current total trips and total trips after the change 
of auto share is (180-174=6). These 6 trips are located proportionally. Table 3.21 shows 
the calculations to update the number of trip productions and attractions. The IPF method 
is then used to update the original matrix using the new updated marginal totals. 
Table 3.20: Example of current OD matrix  
 D1 D2 Total 
O1 8 35 =43 
O2 58 79 =137 
Total =66 =114 Sum: 180 
Table 3.21: Example of updating for total trips 
 D1 D2  
O1 -- -- =43-6*(43/180)=42 
O2 -- -- =137/80%*77.5%=132 
 =66-6*(66/180)=64 =114-6*(114/180)=110 Total:174 
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CHAPTER FOUR                                                                                                       
RESULTS & DISCUSSION 
4.1 Introduction 
The purpose of this chapter is to present and discuss the results in this thesis. The 
chapter begins with the general trends in the new population and employment. Next, land 
use estimates in four scenarios (i.e. status-quo, compact, sprawl and multinucleated 
scenarios) are presented. There are five interval years (i.e. 2006-2011, 2011-2016, 2016-
2021, 2021-2026 and 2026-2031) being considered while only results in 2016 and 2031 
are presented in this chapter. The chapter then proceeds with the comparison of estimates 
by the four scenarios. At last, the transportation impacts come from the land use estimates 
by four urban forms are presented and discussed in detail. 
4.2 General trends in the new population and employment 
4.2.1 General trends of dwelling growth 
The 2006 Canadian Census provides the total number of occupied private 
dwellings by period of construction and by Census Tracts. Table 4.1 provides the CMA 
constructed dwellings by time period. Using this data, a linear relationship between the 
number of constructed dwellings y and the interval year is presented in Figure 4.1. The 
fitted linear function is presented as follows: 
                 
where x is the number indicating interval year (Table 4.1, Table 4.2).  
This function is utilized to predict aggregate totals of dwelling growth in future 
years. The assumption here is that the grand total of new dwellings over the next 20 years 
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will follow the same past linear trend. Thus, the predicted aggregate numbers of 
dwellings constructed in each interval year are listed in Table 4.2. 
Table 4.1: New dwellings constructed in the Windsor CMA, 1981-2006 
NO. Years Observed number of new dwellings 
1 1981 to 1985 5545 
2 1986 to 1990 7200 
3 1991 to 1995 7615 
4 1996 to 2000 11335 
5 2001 to 2006 11330 
Source: Statistic Canada (2006) 
 
Figure 4.1: Linear trend of new dwellings growth in past years 
Table 4.2: Predicted total number of new dwellings in Windsor CMA, 1981-2031 
NO. Years Predicted number of new dwellings 
6 2006 to 2011 13317 
7 2011to 2016 14887 
8 2016 to 2021 16458 
9 2021 to 2026 18028 
10 2026 to 2031 19599 
y = 1570.5x + 3893.5 
R² = 0.9069 
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4.2.2 General trends of employment growth 
Census tract employment data by place of work for 10 sectors for the years 2001 
and 2006 were acquired from Statistic Canada. The total number of jobs is 143,590 and 
140,830 in 2001 and 2006, respectively. This suggests a decreasing trend over the period 
2001 to 2006. Table 4.3 presents the results for ten regression models pertaining to the 
ten sectors. These models regressed the 2006 employment against the 2001 employment. 
The results could help us understand the employment growth trend during the period of 
2001-2006. According to Table 4.3, most of the modeled sectors have parameters (β) that 
are less than 1 (i.e. Type A, Type C, Type F, Type G, Type H and Type J). This suggests 
that these sectors have lost jobs during the observation period. Only sectors B, D, E and I 
models have parameters β greater than 1. That is, growth was observed in those four 
sectors. 
Table 4.3: Regression Models of ten employment types  
Sector No. Types of employment   R
2
   β T-stat Stat 
A Management occupations 0.94 0.86 33.24 
B 
Business, finance and administrative 
occupations 
0.96 1.01 39.80 
C 
Natural and applied sciences and 
related occupations 
0.90 0.92 24.92 
D Health occupations 0.94 1.16 33.07 
E 
Social science, education, 
government service and religion 
0.91 1.24 26.66 
F 
Occupations in art, culture, recreation 
and sport 
0.83 0.93 18.55 
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Sector No. Types of employment   R
2
   β T-stat Stat 
G Sales and service occupations 0.97 0.91 44.53 
H 
Trades, transport and equipment 
operators and related occupations 
0.90 0.85 25.00 
I 
Occupations unique to primary 
industry 
0.90 1.04 24.60 
J 
Occupations unique to processing, 
manufacturing and utilities 
0.76 0.75 14.90 
Source: Statistic Canada, 2001 and 2006 
While the parameters in the above table could be used to perform future 
predictions, the declining trend would mean a general decline in the local economy. 
Therefore the results from Table 4.3 were not used to predict future employment growth. 
Instead, the employment prediction in the status-quo scenario is solely derived from 
official forecasts produced by EDP Consulting and the 2006 employment data of Statistic 
Canada. To perform the predictions, the ten types of employment are classified into three 
major employment sectors. These are: industrial employment, population and business 
services employment and institutional employment. Table 4.4 shows the classifications 
and associated new employment shares. Following the work of EDP consulting (2008), 
the shares of new employment at fixed places of work in Windsor from 2007 to 2026 can 
be seen in Table 4.5. Comparing Table 4.4 with Table 4.5, one can see that the new 
employment shares by sectors are similar. Therefore, the assumption of the classification 
of employment types in table 4.4 is deemed reasonable. Also, employment shares in 2006 
(as in Table 4.4) can be used to project particular employment over the next 20 years. 
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Table 4.4: Employment sectors and employment shares in the city of Windsor 
Sector No. Types Shares 
(2001) 
Sub-total 
(2001) 
Shares 
(2006) 
Sub-total 
(2006) 
Industrial 
Employment 
C 
Natural and applied 
sciences and related 
occupations 
4.42% 
38.60% 
4.51% 
34.42% 
H 
Trades, transport and 
equipment operators and 
related occupations 
15.39% 14.22% 
I 
Occupations unique to 
primary industry 
1.28% 1.22% 
J 
Occupations unique to 
processing, 
manufacturing and 
utilities 
17.50% 14.47% 
Population 
and Business 
Services 
B 
Business, finance and 
administrative 
occupations 
14.45% 
41.45% 
15.18% 
43.77% 
F 
Occupations in art, 
culture, recreation and 
sport 
1.47% 1.72% 
G 
Sales and service 
occupations 
25.53% 26.87% 
Institutional 
D Health occupations 4.91% 
19.95% 
5.71% 
21.80% E 
social science, education, 
government service and 
religion 
6.46% 7.99% 
A Management occupations 8.58% 8.10% 
  Total 100% 100% 100% 100% 
Source: Statistic Canada, 2001 and 2006 
Table 4.5: New Employment shares at Fixed Places of Work in Windsor  
Sector New Employment Shares (2007-2026) 
Industrial Employment 34.40% 
Population and Business Services 44.50% 
Institutional Employment 21.10% 
Source: Official forecasts for the city of Windsor by EDP consulting, 2008 
Future employment growth rates at fixed places of work and by time period are 
shown in Table 4.6. These growth rates are used to predict the new employment over the 
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next 15 years (i.e. 2011, 2016, 2021 and 2026). The total employment is calculated using 
the following expression: 
                                                           
Since we only predicted growth until 2026, linear extrapolation was applied to 
predict the employment growth for 2026-2031. Figure 4.2 shows the linear trend of 
employment growth from 2001 to 2026. The linear function used in the extrapolation is 
as follows: 
                 
where x is the number indicating interval year (“1” indicates “2006 to 2011”, “2” 
indicates “2011 to 2016” … ); y is the employment growth. It should be noted that the 
trend is based on the 4 point intervals starting from 2006. If the 2006-2011 observation of 
315 jobs were dropped, the predicted value for 2026-2031 would have been relatively 
smaller than the predicted value shown in Table 4.8 for the period 2026-2031. 
Table 4.7 shows the predicted employment over the next 20 years by time period, 
while Table 4.8 shows the predicted employment growth in each interval year. 
Table 4.6: Employment growth rate in Windsor, 2006-2026  
Year 2006 2011 2016 2021 2026 
Growth rate -- 0.22% 4.30% 5.60% 6.40% 
(Source: EDP consulting, 2008） 
Table 4.7: Predicted employment in the Windsor CMA, 2001-2031 
Year 2001  2006  2011 2016 2021 2026 2031 
Total 
Employment 
143,590 140,830 141,145 147,215 155,459 165,408 179,322 
Growth rate -- -- 0.22% 4.30% 5.60% 6.40% linear 
trend 
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Table 4.8: Predicted total employment growth in Windsor CMA, 2011-2031  
Year 2006-2011 2011-2016 2016-2021 2021-2026 2026-2031 
Total Employment 315 6,070 8,244 9,949 13,914 
 
 
Figure 4.2: Employment growth, 2006-2026 
4.3 Status quo land use Estimates 
4.3.1 Population Growth Projections 
4.3.1.1 Statistical Model Estimates 
Regression analysis and discrete choice modeling techniques where employed to 
help us model and predict the distribution of population at the TAZ level. While we 
initially were planning to use a linear regression model to predict the total number of new 
dwellings at the TAZ level as a function of different zonal parameters, this approach was 
abandoned for lack of accuracy in the predicted values. Consequently, discrete choice 
modeling was employed in which the probability of choosing a TAZ as a destination zone 
for developing new dwellings is estimated via the Multinomial Logit model.  
Table 4.9 shows the estimates of the linear regression model that was estimated to 
predict the number of developed dwellings at the TAZ level. All parameters retain the 
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expected sign. The positive coefficient for dwelling intensity suggests that developers are 
more likely to locate new dwellings in TAZs with high dwellings intensity, other things 
being equal. This suggests that new residential development is attached to sites that have 
already been developed in the recent past. The open space parameter suggests that TAZs 
with higher percentage of open space are more attractive for residential development. The 
coefficient of Travel time to CBD is marginally significant, yet negative, suggesting that 
TAZs far away from the CBD are less likely to receive new development under this 
model. This finding is rather surprising as it suggests a monocentric effect while 
development in the city clearly exhibits a sprawled patter. The dissimilarity index 
parameter retains a negative value in the model. This suggests that, other things being 
equal, areas with high proportion of employment (e.g. big box retailing centers where 
DI<0) tend to attract new residential development. Alternatively, areas with very high 
proportion of population (i.e. DI>0) do not attract new residential development. On the 
other hand, the positive sign of the mixed density index suggests that areas with higher 
mixed population and employment density are more attractive for new residential 
development. 
Table 4.9: Regression model for new dwellings location choice  
Variables Coefficients t Stat Observations R
2
 
Dwelling intensity 1.178 4.087 
         70 0.63 
% of open space in zone 4.880 4.271 
travel time to CBD -0.946 -1.734 
Dissimilarity index* -9.918 -2.642 
Mixed density 0.066 1.746 
*variable is scaled by 10
-3
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Although the results from the linear regression model are statistically valid, the 
use of this model in predictions was not successful. Therefore attempts were made to 
adopt a different approach using the MNL modeling technique. 
As shown in Figure 3.4, the entire Windsor CMA is divided into three parts: city 
core, inner suburb and suburb areas. Consequently, three independent MNL Models are 
created for each of these three areas. In the city core model, the data set consists of 9 
variables and 2105 observations. Each decision maker‟s choice set includes 35 alternative 
locations (i.e. TAZs).  In this thesis, observations are new dwellings constructed in the 
period from 2001 to 2006 and the alternatives are the TAZs corresponding to each area. 
In terms of the Inner suburb model, there are 8 variables, 7410 observations and 25 
alternative TAZs which comprise the inner suburban region. Furthermore, the suburbs 
model has 5 variables, 1805 observations and 10 alternative TAZs, which formed the 
choice-set in the MNL model. The choice of the different variables in these MNL models 
was informed by the literature. Eventually insignificant parameters were dropped from 
the model and only significant variables were kept in the final specification of the 
models.  
Table 4.10 presents the estimation results of the residential location choice 
models. The City core model shows a reasonable fit with a     of 0.304. Also, “% 
explained right” in this City Core Model is 0.91. The latter is a statistical measure of how 
well a regression line fits real data points. If this value is close to one, the model has a 
greater ability to predict the trend. As can be seen, the City core model is a very good 
model to predict new dwellings in future years. The results from the model suggest that 
higher accessibility to employment in a TAZ within the boundary of the city core reduces 
90 
 
the likelihood of choosing that TAZ for residential development. These findings suggest 
that new dwelling development avoids the Central Business District (CBD) TAZ where 
accessibility to employment is highest. Population density and mixed density possess 
negative coefficients, suggesting that dwellings are less likely to be located in TAZs with 
higher population density or higher mixed density in city core area. Again, this is a 
reflection of the decentralization trend in new dwelling development. The negative 
coefficient of the dissimilarity index suggests that if the proportion of population relative 
to the proportion of employment in TAZs is significantly high, then TAZs are less likely 
to be chosen for new dwellings construction. In the city core area, TAZs in proximity to 
highways and the CBD are preferred destinations for dwellings construction.     
Other things being equal, the high percentage of open space in a TAZ work on 
attracting more dwellings to that TAZ. Developers typically prefer open space or unused 
land rather than existing occupied land as their target locations for new dwellings 
construction since the cost associated with new construction is typically lower than the 
cost of reconstructing dwellings. The Entropy Index reflects the level of land use 
homogeneity or heterogeneity in TAZs. Typically, home buyers moving to central areas 
want dwellings that are located in areas closer to various amenities and life facilities, 
such as commercial, recreational, educational, institutional land use and so on. Therefore, 
it‟s reasonable to see the Entropy Index parameter returning a significant and positive 
coefficient. The positive coefficient of the average price of existing houses implies that 
TAZs with higher average price tend to attract new dwellings. This suggests that new 
dwelling construction in core TAZs are targeting neighbourhoods with higher average 
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income. Developers here prefer developing higher quality houses which could bring them 
more profits.  
The Inner Suburb location choice model has a    value of 0.137 and % explained 
right value of 0.8. Some variables have returned the same sign of the coefficients as in the 
case of the City core model. Those variables are percentage of open space in a TAZ 
which is positive and significant, dissimilarity index with a significant negative 
coefficient, average price of existing houses with a positive coefficient and accessibility 
to employment with a marginally significant negative coefficient. The positive coefficient 
of the dwellings intensity variable suggests that new dwellings will be attached to TAZs 
that have been developed in the Inner suburb area. TAZs with higher mixed density are 
more likely to attract new construction of dwellings in the Inner suburb area, which is 
different from the result achieved with this variable in the city core model. This is 
perhaps because the inner suburban areas are normally less expensive compared to the 
CBD, thus allowing for both residential and commercial to bid for site development. 
Shorter travel time to CBD deters the construction of new dwellings. That is new 
residential development increases in TAZs that are far from the CBD. This is in line with 
the ongoing sprawl pattern. Finally, likelihood of new dwellings construction is higher in 
TAZs with a high road density.  
The Suburb model returns a lowest model fit with a    of just 0.086. However, 
the % explained right is significantly high suggesting that the model is capable of 
replicating the trend in the data. The most significant variable in this model is the 
dwellings intensity. The likelihood of new dwellings construction increases in a TAZ as 
the value of dwellings intensity increases in the TAZ. This suggests that residential 
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development happens in proximity to existing development. The variable of average price 
of existing houses in suburb area returns a positive coefficient. This suggests that 
developers target expensive areas in the suburbs. Again, TAZs with higher dissimilarity 
index are less likely to be selected for new construction of dwellings. However, the 
coefficient for the mixed density is marginal significant, yet positive. The coefficient of 
accessibility to employment is no different from zero since it is insignificant. 
The results from the MNL models provide useful information regarding the way 
that certain factors impact the distribution of new dwellings across the three areas 
forming the CMA. For example, the core model shows that travel time to CBD has a 
negative parameter. However, this parameter was positive in the inner suburbs model and 
insignificant in the suburbs model. On the other hand, a variable such as intensity of 
developed dwellings appears to be highly significant in the suburbs model. By 
comparison, the variable has a lower magnitude in the inner suburbs model which 
suggests that the intensity of developed dwellings in the suburbs has a more pronounced 
effect on the choice of the TAZ for development. By comparison such factor does not 
have any impact on the choice of TAZs in the core area.  
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Table 4.10: MNL Location choice model estimates, 2001-2006 
City Core  
    
Variable β T-stat   
Accessibility to employment -0.046 -3.928 Observations 2105 
% of open space in zone 0.037 13.175 Alternatives 35 
Entropy Index 4.712 12.332 Rho-squared 0.304 
Dissimilarity Index* -0.082 -13.057 % explained right 0.91 
Average price of existing houses 0.019 12.590  
 
Population density -0.316 -5.420   
travel time to CBD -0.017 -9.431   
Distance to highway -0.240 -6.537   
Mixed Density -0.915 -9.356   
Inner Suburb    
  
Variable β T-stat   
Accessibility to employment -0.018 -1.911 Observations 7410 
% of open space in zone 0.053 45.476 Alternatives 25 
Dissimilarity Index* -0.153 -22.824 Rho-squared 0.137 
Average price of existing houses 0.008 14.433 % explained right 0.80 
travel time to CBD 0.004 5.540   
Intensity of Developed dwellings 0.001 12.103   
Mixed Density 8.611 22.613   
Road Density 175.660 24.315   
Suburb     
Variable β T-stat   
Accessibility to employment 0.016 0.404 Observations 1805 
Dissimilarity Index* -0.115 -6.441 Alternatives 10 
Average price of existing houses 0.012 11.067 Rho-squared 0.086 
Intensity of Developed dwellings 0.062 12.564 % explained right 0.95 
Mixed Density 0.353 1.623   
*variable is scaled by 10
-3
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Both the MNL models and the Linear Regression Model were applied initially to 
predict the distribution of new dwelling in the CMA. To determine the most suitable 
method to use for performing future predictions, the relationships between predicted and 
observed values in 2006 are considered. Figure 4.3 shows the linear relationship between 
observed values of new dwellings constructed from 2001 to 2006 and predicted values of 
new dwellings as predicted by the MNL model. On the other hand, the results from the 
linear regression model (LRM) are shown in Figure 4.4. Obviously, the results from the 
MNL models are more superior compared to those obtained from the linear regression 
model. This can be easily discovered from the    of two fitted curves in Figure 4.3 and 
4.4. The MNL Models produces a significant goodness-of-fit of 0.841 while LRM has a 
relatively low    of 0.3376. Thus, in the status quo scenario, MNL models are employed 
to predict the new dwellings spatial distribution in future years. 
 
Figure 4.3: Linear relationship between observed and predicted value by MNL 
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Figure 4.4: Linear relationship between observed and predicted value by LRM 
4.3.1.2 Population Growth Projection 
The spatial distribution of new dwellings and subsequently associated population 
is projected at the TAZ level using the estimated MNL location choice probabilities. TAZ 
level estimates, which will be used as input to the urban form scenarios, are then 
aggregated at the subdivision level for exploration purpose. In the status-quo scenario, 
most of the subdivisions in the Windsor CMA have no population growth in future years 
(Table 4.11). For instance, Amherstburg, Belle River, Rochester, Sandwich South, 
Tecumseh and Tilbury West subdivisions are expected to have no population growth 
from 2011 to 2031. St. Clair Beach is expected to have some population growth in the 
first two intervals (188 during 2006-2011 and 223 during 2011-2016) while after that, it 
has no population growth. Windsor and Lasalle subdivisions are projected to have 
population growth but the new population is decreased with time. The main reason for 
the decline is land-use limitation. That means although these two subdivisions are 
attractive for residential development, the subdivisions do not have enough space for new 
dwellings. Conversely, both of Anderdon and Maidstone are expected to have increased 
new population. These two subdivisions become the main areas for residential 
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development after 2021. The new population at the subdivision level is also presented in 
Figure A-1 and A-2. In 2016 (Figure A-1), Windsor subdivision still has the biggest 
population growth in the Windsor CMA. In 2031, the Anderdon becomes the subdivision 
with the largest new population (Figure A-2). 
Table 4.12 shows the population projections and shares at the subdivision level. 
As expected, the Windsor subdivision has the largest share of population although this 
share is expected to decrease in the next 20 years. The population share in the Windsor 
subdivision is reduced from 65.83% in 2011 to 52.19% in 2031. Besides Windsor, most 
of the subdivisions (i.e. Amherstburg, Belle River, Rochester, Sandwich South, St. Clair 
Beach, Tecumseh and Tilbury West) are expected to have declined population shares. On 
the other hand, the population shares in Anderdon, Lasalle and Maidstone are projected 
to increase with time. From 2011 to 2031, the population share is projected to increase 
from 3.0% to 16.89% in Anderdon, from 8.81% to 10.76% in Lasalle and from 6.10% to 
9.84% in Maidstone. These subdivisions are located in area which is not far away from 
the CBD. Figure A-3 and A-4 details the population distribution at the TAZ level in 2016 
and 2031.   
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Table 4.11: Population growth at subdivision level in Status-quo scenario, 2006-2031 
Subdivisions NP0611 NP1116 NP1621 NP2126 NP2631 
AMHERSTBURG 52 0 0 0 0 
ANDERDON 6187 8345 9794 21202 37064 
BELLE RIVER 94 0 0 0 0 
LASALLE 3845 6737 9421 7956 1915 
MAIDSTONE 3557 6487 12737 6247 5359 
ROCHESTER 22 0 0 0 0 
SANDWICH SOUTH 3 0 0 0 0 
ST. CLAIR BEACH 188 223 0 0 0 
TECUMSEH 590 0 0 0 0 
TILBURY WEST 14 0 0 0 0 
WINDSOR 19672 16465 10335 10916 6020 
Table 4.12: Population distribution at subdivision level in Status-quo scenario, 2011-2031 
Row Labels P2011 %  P2016 %  P2021 %  P2026 %  P2031 % 
AMHERSTBURG 14041 3.93 14041 3.55 14041 3.20 14041 2.90 14041 2.63 
ANDERDON 13946 3.90 22290 5.63 32084 7.32 53287 11.00 90351 16.89 
BELLE RIVER 4967 1.39 4967 1.25 4967 1.13 4967 1.03 4967 0.93 
LASALLE 31497 8.81 38234 9.66 47655 10.88 55611 11.48 57526 10.76 
MAIDSTONE 21803 6.10 28291 7.15 41027 9.36 47275 9.76 52633 9.84 
ROCHESTER 4710 1.32 4710 1.19 4710 1.08 4710 0.97 4710 0.88 
SANDWICH SOUTH 7413 2.07 7413 1.87 7413 1.69 7413 1.53 7413 1.39 
ST. CLAIR BEACH 3863 1.08 4086 1.03 4086 0.93 4086 0.84 4086 0.76 
TECUMSEH 14481 4.05 14481 3.66 14481 3.31 14481 2.99 14481 2.71 
TILBURY WEST 5452 1.52 5452 1.38 5452 1.24 5452 1.13 5452 1.02 
WINDSOR 235393 65.83 251858 63.63 262193 59.85 273109 56.38 279129 52.19 
P: Population, NP: New population 
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4.3.2 Employment Growth Projections 
Table 4.13 shows the new employment at the subdivision level in the status quo 
scenario. The majority of new employment is located in Windsor, Maidstone and Lasalle 
subdivisions. This information is also presented in Figure A-5 and A-6. In 2031, Windsor 
is predicted to have 8241 new jobs, Maidstone is predicted to have 2850 new jobs and 
Lasalle is expected to have 1115 new jobs. 
The employment projections at the subdivision level in the status-quo scenario are 
presented in Table 4.14. From Table 4.14, one can see that the Windsor subdivision still 
has the largest employment compared with other subdivisions. However, the employment 
share is decreased from 75.59% in 2011 to 71.97% in 2031. Also, from 2011 to 2031, the 
employment shares in Anderdon and Sandwich South are projected to decline. By 
comparison, Lasalle, Maidstone, Rochester and Tilbury West are projected to increase 
their employment shares over the next 20 years. The remaining subdivisions in the 
Windsor CMA (namely, Amherstburg, Belle River, St. Clair Beach and Tecumseh) are 
projected to have an almost constant employment shares over the next 20 years. Figure 
A-7 and A-8 provides the employment distribution at TAZ level in the Windsor CMA in 
2016 and 2031, respectively.  
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Table 4.13: Employment growth at subdivision level in status-quo scenario, 2006-2031 
Subdivisions  NE0611 NE1116 NE1621 NE2126 NE2631 
AMHERSTBURG 7 140 190 230 325 
ANDERDON 1 23 31 38 53 
BELLE RIVER 3 52 71 85 119 
LASALLE 25 480 653 787 1115 
MAIDSTONE 64 1236 1679 2026 2850 
ROCHESTER 3 60 81 98 137 
SANDWICH SOUTH 10 190 258 311 435 
ST. CLAIR BEACH 2 43 58 70 101 
TECUMSEH 11 219 297 359 504 
TILBURY WEST 4 68 93 112 160 
WINDSOR 185 3558 4833 5832 8214 
Table 4.14: Employment distribution at subdivision level in status-quo scenario, 2011-2031 
Subdivisions E2011 %  E2016 %  E2021 % E2026 %  E2031 % 
AMHERSTBURG 3422 2.42 3562 2.42 3753 2.41 3983 2.41 4307 2.40 
ANDERDON 1051 0.74 1074 0.73 1106 0.71 1143 0.69 1196 0.67 
BELLE RIVER 1058 0.75 1110 0.75 1180 0.76 1265 0.77 1385 0.77 
LASALLE 4835 3.43 5315 3.61 5968 3.84 6755 4.08 7871 4.39 
MAIDSTONE 7739 5.48 8975 6.10 10654 6.85 12680 7.67 15530 8.66 
ROCHESTER 663 0.47 723 0.49 804 0.52 902 0.55 1039 0.58 
SANDWICH SOUTH 10675 7.56 10865 7.38 11122 7.15 11433 6.91 11868 6.61 
ST. CLAIR BEACH 917 0.65 960 0.65 1018 0.65 1088 0.66 1189 0.66 
TECUMSEH 2991 2.12 3210 2.18 3508 2.26 3867 2.34 4371 2.44 
TILBURY WEST 1109 0.79 1177 0.80 1270 0.82 1381 0.84 1542 0.86 
WINDSOR 106685 75.59 110243 74.89 115076 74.02 120908 73.10 129122 71.97 
E: Employment, NE: New employment 
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4.4 Urban Form Scenarios 
Multicriteria Evaluation method (MCE) is employed to project population and 
employment growth in the three scenarios: compact, sprawl and multinucleated. 
4.4.1 Compact urban form Estimates 
As mentioned in Section 3.6.2, ten variables are utilized to obtain the suitability 
maps for residential development in the compact scenario in the next 20 years. In the 
compact scenario, accessibilities to specific land use (e.g. commercial and recreational 
land use), accessibility to employment and schools are assigned the highest scores. 
However, other factors (i.e. travel time to CBD, dwelling intensity, distance to highways, 
accessibility to hazard land use, population density and average value of existing houses) 
are ranked to be less important.  Table 4.15 lists the variables and their ranking order.  
Table 4.15: Criteria affecting residential development in compact scenario  
Ranking Types of Criteria Criteria 1/rj Weights 
1 Benefit Accessibility to schools 1.000 0.341 
2 Benefit Accessibility to commercial land use 0.500 0.171 
3 Benefit Accessibility to recreational land use 0.333 0.114 
4 Benefit Accessibility to employment 0.250 0.085 
5 Cost Travel time to CBD 0.200 0.068 
6 Benefit Dwelling intensity 0.167 0.057 
7 Cost Distance to highways 0.143 0.049 
8 Cost Accessibility to hazard land use 0.125 0.043 
9 Cost Population density 0.111 0.038 
10 Benefit Average value of existing houses 0.100 0.034 
Figure A-9 and A-10 show the suitability maps for residential development at 
TAZ level in 2016 and 2031, respectively. Because 85% of population is projected to go 
to the city core and inner suburban TAZs and 15% of population is projected to Suburban 
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TAZs, two propensity maps are created to distribute the population for each interval year 
(Figure A-11 and A-12).  
From Table 4.16, one can observe that in the compact scenario, Windsor 
subdivision has the largest new population (38720) in 2031. Some subdivisions (namely, 
Amherstburg, Lasalle, Maidstone, Sandwich South and Tecumseh) are projected to have 
larger new population compared with other subdivisions. The new population is 1930 in 
Amherstburg, 2826 in Lasalle, 1399 in Maidstone, 1246 in Sandwich South and 1086 in 
Tecumseh subdivision. Except Amherstburg, these subdivisions are close to the CBD 
area indicating a compact form of development. New population projection maps at the 
subdivision level in 2016 and 2031 are also shown in Figure A-13 and A-14. 
Table 4.17 provides the population projection at the subdivision level in the 
compact scenario. Windsor subdivision is projected to have the highest population share 
in the Windsor CMA. The population share is 67.68% in 2011 and then it grows to 
70.73% in 2031. Besides the Windsor subdivision, Sandwich South is also projected to 
have a slight increase in population share, which grows from 2.31% in 2011 to 2.37% in 
2031. Although the population share changes are insignificant, the population shares in 
the other subdivisions are projected to decrease from 2011 to 2031. Figure A-15 and A-
16 shows the population distribution at the TAZ level in the compact scenario. 
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Table 4.16: Population growth at subdivision level in Compact scenario, 2006-2031 
Subdivisions NP0611  NP1116  NP1621 NP2126 NP2631 
AMHERSTBURG 1293 1453 1608 1768 1930 
ANDERDON 427 457 508 556 606 
BELLE RIVER 505 563 618 676 735 
LASALLE 1935 2152 2383 2605 2826 
MAIDSTONE 980 1057 1170 1285 1399 
ROCHESTER 488 549 607 665 724 
SANDWICH SOUTH 858 965 1061 1154 1246 
ST. CLAIR BEACH 310 347 385 423 462 
TECUMSEH 727 812 899 991 1086 
TILBURY WEST 435 486 536 586 637 
WINDSOR 26265 29418 32522 35621 38720 
Table 4.17: Population distribution at subdivision level in Compact scenario, 2011-2031 
Subdivisions  P2011 %  P2016 %  P2021 %  P2026 % P2031 % 
AMHERSTBURG 15282 4.27 16735 4.23 18343 4.19 20112 4.15 22042 4.12 
ANDERDON 8186 2.29 8643 2.18 9150 2.09 9707 2.00 10312 1.93 
BELLE RIVER 5378 1.50 5941 1.50 6559 1.50 7235 1.49 7970 1.49 
LASALLE 29587 8.27 31740 8.02 34122 7.79 36728 7.58 39554 7.40 
MAIDSTONE 19226 5.38 20283 5.12 21453 4.90 22738 4.69 24137 4.51 
ROCHESTER 5176 1.45 5725 1.45 6332 1.45 6998 1.44 7721 1.44 
SANDWICH SOUTH 8268 2.31 9234 2.33 10294 2.35 11448 2.36 12694 2.37 
ST. CLAIR BEACH 3985 1.11 4332 1.09 4716 1.08 5140 1.06 5602 1.05 
TECUMSEH 14618 4.09 15430 3.90 16330 3.73 17321 3.58 18407 3.44 
TILBURY WEST 5873 1.64 6358 1.61 6894 1.57 7480 1.54 8117 1.52 
WINDSOR 241986 67.68 271405 68.57 303926 69.37 339547 70.09 378267 70.73 
P: Population, NP: New population 
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In terms of the employment development, criteria used to create the suitability 
maps for employment by economic sectors (i.e. Industrial employment, commercial 
employment, recreational employment and institutional employment) are shown in Table 
4.18. The ranking of a criterion is also determined by the impact of the criterion on the 
attractiveness of the city core TAZs for employment development. Criteria which are 
deemed more influential for compact development are ranked at first. Because the same 
type of employment have the tendency to cluster over space (Maoh and Kanaroglou 
2007), accessibility to the particular type of employment is ranked as the most important 
factor, as shown in Table 4.18. The suitability maps in 2016 and 2031 for each 
employment type are shown in figures A-17 to A-20. The city core area has the highest 
suitability for employment development by all types. 
Similar to the population case, two propensity maps (one for core and inner 
suburbs and one for suburbs) are created for each employment type in each interval year. 
Figures from A-21 to A-24 show the suitability propensity maps for each employment 
type in 2031. After projecting the new employment with these suitability maps, maps 
depicting new employment at the subdivision level are created (Figure A-25 and A-26). 
Table 4.19 also lists the aggregate new employment at the subdivision level in the 
Windsor CMA. Obviously, Windsor subdivision has the largest number of new jobs 
which is 10,724.  
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Table 4.18: Criteria affecting employment development in the compact scenario  
 
Ranking Types of Criteria Criteria for industrial land use 1/rj Weights 
1 Benefit Accessibility to hazard land use 1.000 0.408 
2 Benefit Accessibility to population 0.500 0.204 
3 Cost Travel time to CBD 0.333 0.136 
4 Benefit Dwellings constructed in previous 5 years 0.250 0.102 
5 Cost Distance to highways 0.200 0.082 
6 Cost Distance to airports 0.167 0.068 
Ranking  Criteria for commercial land use 1/rj Weights 
1 Benefit Accessibility to commercial land use 1.000 0.408 
2 Benefit Accessibility to population 0.500 0.204 
3 Cost Travel time to CBD 0.333 0.136 
4 Benefit Dwellings constructed in previous 5 years 0.250 0.102 
5 Cost Distance to highways 0.200 0.082 
6 Cost Distance to airports 0.167 0.068 
Ranking  Criteria for recreational land use 1/rj Weights 
1 Benefit Accessibility to recreational land use 1.000 0.408 
2 Benefit Accessibility to population 0.500 0.204 
3 Cost Travel time to CBD 0.333 0.136 
4 Benefit Dwellings constructed in previous 5 years 0.250 0.102 
5 Cost Distance to highways 0.200 0.082 
6 Cost Distance to airports 0.167 0.068 
Ranking  Criteria for institutional land use 1/rj Weights 
1 Benefit Accessibility to institutional land use 1.000 0.408 
2 Benefit Accessibility to population 0.500 0.204 
3 Cost Travel time to CBD 0.333 0.136 
4 Benefit Dwellings constructed in previous 5 years 0.250 0.102 
5 Cost Distance to highways 0.200 0.082 
6 Cost Distance to airports 0.167 0.068 
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Employment distribution at the subdivision level for the compact scenario is 
presented in Table 4.20. The shares in all of the subdivisions are not expected to change 
dramatically over time. However, the shares in Maidstone, Sandwich South and 
Tecumseh are projected to decrease slightly. The other subdivisions (namely, 
Amherstburg, Anderdon, Belle River, Lasalle, Rochester, Sandwich South, St. Clair 
Beach, Tilbury West and Windsor) are expected to have a slight increase in employment 
shares. Figure A-27 and A-28 show the employment distribution at the TAZ level in 2016 
and 2031 under the compact scenario. The maps show that, TAZs in the city core area or 
close to the city core area have the bulk of employment compared with other TAZs in the 
CMA. 
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Table 4.19:  Employment growth at subdivision level in Compact scenario, 2006-2031 
Subdivisions NE0611  NE1116 NE1621 NE2126  NE2631 
AMHERSTBURG 9 193 262 317 444 
ANDERDON 5 80 107 129 179 
BELLE RIVER 5 89 121 146 205 
LASALLE 19 352 477 573 799 
MAIDSTONE 10 179 241 290 405 
ROCHESTER 4 87 119 144 203 
SANDWICH SOUTH 8 162 220 265 368 
ST. CLAIR BEACH 3 52 70 84 118 
TECUMSEH 7 127 170 204 284 
TILBURY WEST 4 81 110 132 185 
WINDSOR 241 4668 6347 7665 10724 
Table 4.20: Employment distribution at subdivision level in Compact scenario, 2011-2031 
Subdivisions E2011 % E2016 % E2021 % E2026 % E2031 % 
AMHERSTBURG 3424 2.43 3617 2.46 3880 2.50 4197 2.54 4641 2.59 
ANDERDON 1055 0.75 1135 0.77 1242 0.80 1371 0.83 1550 0.86 
BELLE RIVER 1060 0.75 1149 0.78 1270 0.82 1416 0.86 1621 0.90 
LASALLE 4829 3.42 5181 3.52 5658 3.64 6231 3.77 7030 3.92 
MAIDSTONE 7685 5.44 7864 5.34 8105 5.21 8395 5.08 8800 4.91 
ROCHESTER 664 0.47 752 0.51 871 0.56 1015 0.61 1218 0.68 
SANDWICH SOUTH 10673 7.56 10836 7.36 11056 7.11 11321 6.84 11689 6.52 
ST. CLAIR BEACH 918 0.65 969 0.66 1039 0.67 1123 0.68 1241 0.69 
TECUMSEH 2987 2.12 3113 2.11 3283 2.11 3487 2.11 3770 2.10 
TILBURY WEST 1109 0.79 1190 0.81 1299 0.84 1432 0.87 1617 0.90 
WINDSOR 106741 75.62 111409 75.68 117756 75.75 125421 75.83 136146 75.92 
E: Employment, NE: New employment  
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4.4.2 Sprawled urban form Estimates 
For the sprawl scenario, ten variables are utilized to project the spatial distribution 
of new dwellings (Table 4.21). In this scenario, most of the new dwellings are projected 
to go to suburban areas. Criteria such as accessibility to hazard land use (cost), population 
density (cost), distance to highway (cost) and average value of existing houses (Benefit) 
are ranked at first since they are more affiliated with suburban development. Table 4.21 
shows the rankings of criteria in the sprawl scenario and the weights utilized in the 
respective Multicriteria evaluation method. 
Table 4.21: Criteria affecting residential development in sprawl scenario  
Ranking Types of Criteria Criteria 1/rj Weights 
1 Cost Accessibility to hazard land use 1.000 0.341 
2 Cost Population density 0.500 0.171 
3 Cost Distance to highway 0.333 0.114 
4 Benefit Average value of existing houses 0.250 0.085 
5 Benefit Dwellings intensity 0.200 0.068 
6 Benefit Accessibility to employment 0.167 0.057 
7 Benefit Accessibility to commercial land use 0.143 0.049 
8 Benefit Accessibility to schools 0.125 0.043 
9 Benefit Accessibility to recreational land use 0.111 0.038 
10 Cost Travel time to CBD 0.100 0.034 
Figure A-29 and A-30 show the suitability maps for residential development in 
the sprawl scenario for 2016 and 2031. Suburban TAZs have higher suitability than city 
core TAZs. Similar to the compact scenario, two suitability propensity maps are created 
for each interval year. The first map corresponds to the city core and inner suburban areas 
while the other map pertains to suburban areas (Figure A-31 and A-32).  
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Population predictions at the subdivision level are listed in Table 4.22. In the 
CMA, Amherstburg is predicted to have the largest new population (11,223) while St. 
Clair Beach is expected to receive the least amount of new population (97) from 2026 to 
2031. The maps of new population at the subdivision level are shown in Figure A-33 
(from 2011 to 2016) and A-34 (from 2026 to 2031).  
The population projections at the subdivision level in the sprawl scenario are also 
shown in Table 4.23. Windsor, St. Clair Beach and Tecumseh are projected to have a 
decreased population shares. From 2011 to 2031, the population share is reduced from 
61.12% to 43.62% in the Windsor subdivision, from 3.92% to 2.74% in Tecumseh, and 
from 1.05% to 0.76% in St. Clair Beach. On the other hand, the population shares in 
other subdivisions (i.e. Amherstburg, Anderdon, Belle River, Lasalle, Maidstone, 
Rochester, Sandwich South and Tilbury West) are projected to increase in future years. 
The population share increases from 6.15% to 11.63% in Amherstburg, from 3.03% to 
5.03% in Anderdon, from 2.26% to 4.24% in Belle River, from 8.76% to 9.45% in 
Lasalle, from 6.06% to 7.52% in Maidstone, from 2.25% to 4.86% in Rochester, from 3% 
to 5.34% in Sandwich South and from 2.41% to 4.81% in Tilbury West. The three 
subdivisions with a decreased population share are located close to CBD area while those 
with increased population shares are located in the suburban area. Figure A-35 and Figure 
A-36 show the population distributions at TAZ level in 2016 and 2031, respectively.  
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Table 4.22: New population distribution at subdivision level in sprawl scenario, 2006-2031 
Subdivisions NP0611  NP1116  NP1621 NP2126 NP2631 
AMHERSTBURG 7990 8848 9675 10468 11223 
ANDERDON 3083 3376 3800 4229 4653 
BELLE RIVER 3202 3466 3584 3722 3836 
LASALLE 3659 4132 4571 5032 5490 
MAIDSTONE 3410 3906 4407 4884 5356 
ROCHESTER 3341 3827 4275 4719 5166 
SANDWICH SOUTH 3331 3729 4191 4672 5230 
ST. CLAIR BEACH 65 73 81 89 97 
TECUMSEH 121 136 150 165 179 
TILBURY WEST 3183 3591 4050 4506 4960 
WINDSOR 2838 3176 3511 3846 4180 
Table 4.23: Population distribution at subdivision level in sprawl scenario, 2011-2031 
Subdivisions P2011 %  P2016 %  P2021 %  P2026 %  P2031 % 
AMHERSTBURG 21979 6.15 30827 7.79 40502 9.24 50970 10.52 62193 11.63 
ANDERDON 10842 3.03 14218 3.59 18018 4.11 22247 4.59 26900 5.03 
BELLE RIVER 8075 2.26 11541 2.92 15126 3.45 18848 3.89 22683 4.24 
LASALLE 31311 8.76 35443 8.95 40014 9.13 45046 9.30 50536 9.45 
MAIDSTONE 21656 6.06 25562 6.46 29968 6.84 34852 7.19 40208 7.52 
ROCHESTER 8029 2.25 11855 3.00 16131 3.68 20850 4.30 26016 4.86 
SANDWICH SOUTH 10741 3.00 14470 3.66 18661 4.26 23334 4.82 28563 5.34 
ST. CLAIR BEACH 3740 1.05 3814 0.96 3895 0.89 3984 0.82 4081 0.76 
TECUMSEH 14012 3.92 14147 3.57 14297 3.26 14462 2.99 14641 2.74 
TILBURY WEST 8621 2.41 12211 3.09 16261 3.71 20768 4.29 25728 4.81 
WINDSOR 218559 61.12 221736 56.02 225247 51.41 229093 47.29 233272 43.62 
P: Population, NP: New population 
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The suitability propensity maps in Figures A-21 to A-24 are utilized to predict the 
employment distribution in the sprawl scenario. Here, the same factors affecting the 
distribution of jobs under the compact scenario were used to distribute the jobs under the 
sprawl scenario. The new employment projections in the sprawl scenario are presented in 
Table 4.24. Similar to the population projection, from 2026 to 2031, Amherstburg is 
expected to receive the largest amount of new jobs (3000) while St.Clair Beach is 
projected to receive the least amount of new jobs (14). Figure A-37 and A-38 show the 
new employment at the subdivision level in 2016 and 2031, respectively.  
Table 4.25 provides the employment projection at the subdivision level in the 
sprawl scenario. St. Clair Beach, Tecumseh and Windsor are expected to experience a 
decline in their employment shares under the sprawl scenario. On the other hand, the 
employment shares in the other subdivisions (i.e. Amherstburg, Anderdon, Belle River, 
Lasalle, Maidstone, Rochester, Sandwich South and Tilbury West) are projected to 
increase in future years. The employment share in St. Clair Beach is decreased from 
0.65% in 2011 to 0.53% in 2031; in Tecumseh it is reduced from 2.11% to 1.71%; and in 
Windsor subdivision it falls from 75.47% to 61.30%. The employment share is increased 
from 2.46% to 6.41% in Amherstburg, from 0.76% to 2.39% in Anderdon, from 0.77% to 
2.46% in Belle River, from 3.44% to 5.15% in Lasalle, from 5.46% to 6.40% in 
Maidstone, from 0.49% to 2.35% in Rochester, from 7.59% to 8.79% in Sandwich South 
and from 0.8% to 2.46% in Tilbury West. Obviously, the trend is the same as the 
population projection: subdivisions close to city core area has an increased employment 
share otherwise have a decreased employment share. The maps of employment projection 
at the TAZ level are shown in Figures A-39 and A-40. 
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Table 4.24: Employment growth distribution at subdivision level in sprawl scenario, 2006-2031 
Subdivisions NE0611 NE1116 NE1621 NE2126 NE2631 
AMHERSTBURG 56 1230 1703 2097 3000 
ANDERDON 29 511 688 835 1180 
BELLE RIVER 28 541 731 864 1200 
LASALLE 40 719 965 1133 1565 
MAIDSTONE 31 591 807 981 1391 
ROCHESTER 26 545 752 918 1307 
SANDWICH SOUTH 50 850 1125 1334 1748 
ST. CLAIR BEACH 0 6 8 10 14 
TECUMSEH 1 15 21 25 35 
TILBURY WEST 25 513 699 854 1217 
WINDSOR 28 548 745 899 1257 
Table 4.25: Employment distribution at subdivision level in sprawl scenario, 2011-2031 
Subdivisions E2011 % E2016 % E2021 % E2026 % E2031 % 
AMHERSTBURG 3471 2.46 4701 3.19 6404 4.12 8501 5.14 11500 6.41 
ANDERDON 1079 0.76 1590 1.08 2278 1.47 3113 1.88 4293 2.39 
BELLE RIVER 1083 0.77 1625 1.10 2356 1.52 3220 1.95 4420 2.46 
LASALLE 4850 3.44 5569 3.78 6534 4.20 7667 4.64 9232 5.15 
MAIDSTONE 7706 5.46 8297 5.64 9104 5.86 10085 6.10 11476 6.40 
ROCHESTER 686 0.49 1232 0.84 1983 1.28 2901 1.75 4208 2.35 
SANDWICH SOUTH 10715 7.59 11565 7.86 12690 8.16 14024 8.48 15773 8.79 
ST. CLAIR BEACH 915 0.65 921 0.63 930 0.60 940 0.57 954 0.53 
TECUMSEH 2981 2.11 2996 2.04 3016 1.94 3041 1.84 3076 1.71 
TILBURY WEST 1130 0.80 1643 1.12 2342 1.51 3196 1.93 4413 2.46 
WINDSOR 106528 75.47 107077 72.73 107821 69.36 108720 65.73 109977 61.30 
E: Employment, NE: New employment 
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4.4.3 Multinucleated urban form Estimates 
In the multinucleated scenario, the first step is to determine potential centers in 
future years. Table 4.26 shows the criteria used in the determination of the potential 
centers. Road density is assumed to be the most important criterion since TAZs with high 
road density could provide transportation services for new development in future years. 
Employment density is influenced by the existence of population density. For example, 
larger population clusters need more services, thus attract more jobs in a TAZ. 
Accordingly, population density is assumed to be the second most important criterion. 
Mixed density is also utilized in the specification of the MCE model since this factor is 
rather important when attempting to promote polycentrism. Finally, employment density 
is also specified to account for the impact of firm clustering and the potential of 
interaction between jobs and population. The implementation of the MCE model in the 
multinucleated scenario suggests the emergence of two centres in the north eastern part of 
the CMA and the south-western part of the CMA, as shown in Figure 4.5.  
Table 4.26: Criteria used to determine the potential city cores 
Ranking Type of Criteria Criteria 1/rj Weights 
1 Benefit 
 
Road density 1.000 0.480 
2 Benefit Population density 0.500 0.240 
3 Benefit Mixed density 0.333 0.160 
4 Benefit Employment density 0.250 0.120 
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Figure 4.5: Suitability map for determination of potential city cores in multinucleated 
In terms of residential development, seven variables are utilized to predict the 
new dwelling spatial distribution under the polycentric scenario (Table 4.27). Dwelling 
intensity is the most important criteria in this scenario. Developers prefer TAZs with high 
dwelling intensity since such TAZs have already a lot of existing infrastructure available 
in them. The second most important factor in a multinucleated scenario is the 
accessibility to employment. High accessibility to employment increases the 
attractiveness of a TAZ for residential development. Also, the impact of road density 
should be considered since it indicates a high level of transportation development in a 
TAZ. Accessibility to particular land uses affects the suitability of residential 
development. For instance, high accessibility to recreational land use and commercial 
land use are expected to increase the suitability of a TAZ for housing construction. 
However, high accessibility to hazard land use reduce the suitability of a TAZ for the 
residential development. The last criterion used to predict new dwelling distribution in 
North eastern core (0.300) 
South western core (0.381) 
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the polycentric MCE model is the average value of existing houses. This variable is also 
believed to affect the suitability of residential development of a TAZ in a positive way. 
Table 4.27: Criteria affecting residential development in the multinucleated scenario 
Ranking Types of Criteria Criteria 1/rj Weights 
1 Benefit Dwelling intensity 1.000 0.386 
2 Benefit Accessibility to employment 0.500 0.193 
3 Benefit Road density 0.333 0.129 
4 Benefit Accessibility to recreational land use 0.250 0.096 
5 Cost Accessibility to hazard land use 0.200 0.077 
6 Benefit Accessibility to commercial land use 0.167 0.064 
7 Benefit Average value of existing houses 0.143 0.055 
Suitability maps for residential development in the case of the multinucleated 
scenario are shown in Figures A-41 and A-42. Table 4.28 summarizes the total 
population growth in each subdivision under the multinucleated scenario. Subdivisions 
such as Windsor, Amherstburg, Belle River, Maidstone, and Rochester are projected to 
receive more population growth than the other subdivisions. In 2031, Windsor has the 
largest new population which is 23,357. The next is Amherstburg, with a population of 
12,592, followed by Maidstone, with a population of 5,625. Belle River and Rochester 
have a population of 4,499 and 2,702, respectively. These five subdivisions are located in 
both of the main city core and the two identified potential centres. Figure A-43 and A-44 
show the new population distribution at the subdivision level in 2016 and 2031, 
respectively.  
Population distributions at the subdivision level are listed in Table 4.29 and also 
presented in Figures A-45 and A-46. Population shares in Amherstburg, Belle River, 
Maidstone and Rochester are projected to increase with time and the population shares in  
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Table 4.28: New population distribution at subdivision level in multinucleated scenario, 2006-2031 
Subdivisions NP0611  NP1116  NP1621 NP2126 NP2631 
AMHERSTBURG 8556 9565 10574 11583 12592 
ANDERDON 80 72 79 88 96 
BELLE RIVER 2576 3261 4033 4272 4569 
LASALLE 493 580 642 706 771 
MAIDSTONE 4575 4646 4604 5128 5609 
ROCHESTER 1588 1846 2144 2410 2660 
SANDWICH SOUTH 103 130 143 155 166 
ST. CLAIR BEACH 95 121 134 146 159 
TECUMSEH 215 271 300 329 358 
TILBURY WEST 53 67 74 82 90 
WINDSOR 15889 17701 19569 21434 23300 
Table 4.29: Population distribution at subdivision level in multinucleated scenario, 2011-2031 
Subdivisions P2011 %  P2016 %  P2021 %  P2026 %  P2031 % 
AMHERSTBURG 22545 6.31 32110 8.11 42684 9.74 54267 11.20 66859 12.50 
ANDERDON 7839 2.19 7911 2.00 7990 1.82 8078 1.67 8174 1.53 
BELLE RIVER 7449 2.08 10710 2.71 14743 3.37 19015 3.93 23584 4.41 
LASALLE 28145 7.87 28725 7.26 29367 6.70 30073 6.21 30844 5.77 
MAIDSTONE 22821 6.38 27467 6.94 32071 7.32 37198 7.68 42807 8.00 
ROCHESTER 6276 1.76 8122 2.05 10266 2.34 12676 2.62 15337 2.87 
SANDWICH SOUTH 7513 2.10 7644 1.93 7786 1.78 7941 1.64 8107 1.52 
ST. CLAIR BEACH 3770 1.05 3891 0.98 4024 0.92 4171 0.86 4330 0.81 
TECUMSEH 14106 3.95 14377 3.63 14677 3.35 15005 3.10 15363 2.87 
TILBURY WEST 5491 1.54 5558 1.40 5633 1.29 5715 1.18 5804 1.09 
WINDSOR 231610 64.77 249311 62.99 268880 61.37 290314 59.93 313614 58.64 
P: Population, NP: New population 
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the other subdivisions are projected to decrease. The four subdivisions with increased 
population shares are located in the two identified centres. In Amherstburg, the 
population share is 6.31% in 2011 and 12.50% in 2031. The population share of Belle 
River is 2.08% in 2011 and then grows to 4.41% in 2031. From 2011 to 2031, Maidstone 
and Rochester are expected to have increased population shares from 6.38% to 8.00% 
and from 1.76% to 2.87%, respectively. Although the Windsor subdivision is located in 
the major city core area, its population share is projected to decrease with time.  
Again, the suitability propensity maps used in the compact scenario are utilized in 
the multinucleated scenario (Figures A-21 to A-24) to predict the spatial distribution of 
jobs under the polycentric scenario. Table 4.30 shows the new employment distribution at 
the subdivision level in the multinucleated scenario. One can see that the Windsor 
subdivision has the largest new employment in the CMA. Some subdivisions (namely, 
Amherstburg, Belle River, Maidstone and Rochester) have much larger new employment 
compared with the other remaining subdivisions (namely, Anderdon, Lasalle, Sandwich 
South, St. Clair Beach, Tecumseh and Tilbury West). From 2026 to 2031, the 
employment growth is 3,479 in Amherstburg, 1,370 in Maidstone, 1,213 in Belle River 
and 958 in Rochester. These subdivisions with larger employment growth pertain to the 
main city core area or the two potential urban centers. Figures A-47 and A-48 show the 
new employment distribution at the subdivision level in the periods 2011-2016 and 2026-
2031.  
Employment distribution in the multinucleated scenario and the employment 
share in each subdivision are shown in Table 4.31. Subdivisions with decreased 
employment share in the next 20 years include Anderdon, Lasalle, Sandwich South, St. 
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Clair Beach, Tecumseh, Tilbury West and Windsor. The employment share is projected 
to change from 0.74% to 0.62% in Anderdon, from 3.41% to 2.99% in Lasalle, from 
7.56% to 6.01% in Sandwich South, from 0.65% to 0.57% in St. Clair Beach, from 
2.11% to 1.81% in Tecumseh, from 0.78% to 0.66% in Tilbury West and it is reduced 
from 75.56% to 69.36% in Windsor. Other subdivisions (namely, Amherstburg, Belle 
River, Maidstone and Rochester) are projected to have increased employment shares. 
These subdivisions are located in the potential urban centres (Figure A-49 and A-50). The 
employment share in Amherstburg is 2.48% in 2011 and this grows to 7.27% in 2031. 
Belle River has an employment share of 0.76% in 2011 and an employment share of 
2.42% in 2031. The employment share in Maidstone is projected to increase from 5.46% 
in 2011 to 6.43% in 2031. In Rochester, the employment share is projected to be 0.48% 
in 2011 and then it is projected to increase to 1.85% in 2031.  
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Table 4.30: New employment distribution at subdivision level in multinucleated scenario, 2006-2031 
Subdivisions NE0611 NE1116 NE1621 NE2126 NE2631 
AMHERSTBURG 79 1518 2061 2487 3479 
ANDERDON 1 10 13 16 22 
BELLE RIVER 24 483 687 871 1213 
LASALLE 5 87 118 142 200 
MAIDSTONE 34 634 843 980 1370 
ROCHESTER 23 428 569 682 958 
SANDWICH SOUTH 1 19 26 31 43 
ST. CLAIR BEACH 1 17 23 28 39 
TECUMSEH 2 43 58 69 97 
TILBURY WEST 1 13 17 21 29 
WINDSOR 146 2819 3830 4622 6465 
Table 4.31: Employment distribution at subdivision level in multinucleated scenario, 2011-2031 
Subdivisions E2011 % E2016 % E2021 % E2026 % E2031 % 
AMHERSTBURG 3494 2.48 5011 3.40 7072 4.55 9560 5.78 13038 7.27 
ANDERDON 1051 0.74 1060 0.72 1073 0.69 1089 0.66 1111 0.62 
BELLE RIVER 1079 0.76 1562 1.06 2248 1.45 3119 1.89 4332 2.42 
LASALLE 4815 3.41 4902 3.33 5020 3.23 5162 3.12 5362 2.99 
MAIDSTONE 7709 5.46 8343 5.67 9186 5.91 10166 6.15 11536 6.43 
ROCHESTER 683 0.48 1111 0.75 1680 1.08 2362 1.43 3321 1.85 
SANDWICH SOUTH 10666 7.56 10685 7.26 10711 6.89 10742 6.49 10785 6.01 
ST. CLAIR BEACH 916 0.65 933 0.63 956 0.61 983 0.59 1022 0.57 
TECUMSEH 2982 2.11 3025 2.05 3083 1.98 3152 1.91 3249 1.81 
TILBURY WEST 1106 0.78 1118 0.76 1135 0.73 1156 0.70 1186 0.66 
WINDSOR 106646 75.56 109465 74.36 113295 72.88 117917 71.29 124382 69.36 
 E: Employment, NE: New employment 
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4.4.4 Comparison of different urban form Scenarios 
Table 4.32 and 4.33 show the summarized population and employment 
distribution in the four scenarios for 2016 and 2031. Also, the percentage changes from 
the status-quo scenario in the other three scenarios are presented at the subdivision level. 
The following analysis is based on the data in 2031. 
In 2031, the population in the Windsor subdivision is 279,129 in the status-quo 
scenario while it grows to 378,267 under the compact scenario, registering an overall 
growth of approximately 36%. In the sprawl scenario, the population in the Windsor 
subdivision is 233,272, which is approximately 16 percent less than the population in the 
status-quo scenario. The population of the Windsor subdivision between the status-quo 
and the multinucleated scenario suggests an increase from 279,129 to 313,614, which is 
an overall percentage increase of 12.35%. In some subdivisions (i.e. Windsor, 
Amherstburg, Belle River, Rochester, Sandwich South, St. Clair Beach, Tecumseh and 
Tilbury West), the compact scenario is expected to have larger population than the status 
quo scenario. In the other subdivisions (i.e. Anderdon, Lasalle and Maidstone), the 
compact scenario is projected to have lower population than the status quo scenario.  
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Table 4.32: Population and employment distribution at subdivision level in 2016 
2016 Status-quo Compact % change from 
base case 
 Sprawl % change from 
base case 
Multinucleated % change from 
base case 
Population Distribution 
AMHERSTBURG 14041 16735 19.19 30827 119.55 32110 128.69 
ANDERDON 22290 8643 -61.22 14218 -36.21 7911 -64.51 
BELLE RIVER 4967 5941 19.61 11541 132.36 10710 115.62 
LASALLE 38234 31740 -16.98 35443 -7.30 28725 -24.87 
MAIDSTONE 28291 20283 -28.31 25562 -9.65 27467 -2.91 
ROCHESTER 4710 5725 21.55 11855 151.71 8122 72.45 
SANDWICH 
SOUTH 
7413 9234 24.56 14470 95.20 7644 3.11 
ST. CLAIR BEACH 4086 4332 6.02 3814 -6.66 3891 -4.78 
TECUMSEH 14481 15430 6.55 14147 -2.31 14377 -0.72 
TILBURY WEST 5452 6358 16.62 12211 123.98 5558 1.95 
WINDSOR 251858 271405 7.76 221736 -11.96 249311 -1.01 
Employment Distribution 
AMHERSTBURG 3562 3617 1.54 4701 31.96 5011 40.67 
ANDERDON 1074 1135 5.67 1590 48.02 1060 -1.30 
BELLE RIVER 1110 1149 3.52 1625 46.41 1562 40.73 
LASALLE 5315 5181 -2.53 5569 4.78 4902 -7.79 
MAIDSTONE 8975 7864 -12.39 8297 -7.56 8343 -7.05 
ROCHESTER 723 752 3.98 1232 70.36 1111 53.70 
SANDWICH 
SOUTH 
10865 10836 -0.27 11565 6.45 10685 -1.65 
ST. CLAIR BEACH 960 969 0.96 921 -4.02 933 -2.84 
TECUMSEH 3210 3113 -3.02 2996 -6.68 3025 -5.78 
TILBURY WEST 1177 1190 1.11 1643 39.58 1118 -4.98 
WINDSOR 110243 111409 1.06 107077 -2.87 109465 -0.71 
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Table 4.33: Population and employment distribution at subdivision level in 2031 
2031 Status-quo Compact % change from 
base case 
Sprawl % change from 
base case 
Multinucleated % change from 
base case 
Population Distribution 
AMHERSTBURG 14041 22042 56.98 62193 342.94 66859 376.17 
ANDERDON 90351 10312 -88.59 26900 -70.23 8174 -90.95 
BELLE RIVER 4967 7970 60.46 22683 356.67 23584 374.81 
LASALLE 57526 39554 -31.24 50536 -12.15 30844 -46.38 
MAIDSTONE 52633 24137 -54.14 40208 -23.61 42807 -18.67 
ROCHESTER 4710 7721 63.93 26016 452.36 15337 225.63 
SANDWICH SOUTH 7413 12694 71.24 28563 285.31 8107 9.36 
ST. CLAIR BEACH 4086 5602 37.10 4081 -0.12 4330 5.97 
TECUMSEH 14481 18407 27.11 14641 1.10 15363 6.09 
TILBURY WEST 5452 8117 48.88 25728 371.90 5804 6.46 
WINDSOR 279129 378267 35.52 233272 -16.43 313614 12.35 
Employment Distribution 
AMHERSTBURG 4307 4641 7.74 11500 167.01 13038 202.70 
ANDERDON 1196 1550 29.61 4293 258.91 1111 -7.11 
BELLE RIVER 1385 1621 17.07 4420 219.24 4332 212.88 
LASALLE 7871 7030 -10.68 9232 17.30 5362 -31.88 
MAIDSTONE 15530 8800 -43.34 11476 -26.11 11536 -25.72 
ROCHESTER 1039 1218 17.22 4208 304.88 3321 219.52 
SANDWICH SOUTH 11868 11689 -1.51 15773 32.90 10785 -9.13 
ST. CLAIR BEACH 1189 1241 4.35 954 -19.77 1022 -14.07 
TECUMSEH 4371 3770 -13.74 3076 -29.63 3249 -25.68 
TILBURY WEST 1542 1617 4.84 4413 186.21 1186 -23.09 
WINDSOR 129122 136146 5.44 109977 -14.83 124382 -3.67 
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For some subdivisions (namely, Windsor, Anderdon, Lasalle, St. Clair Beach and 
Maidstone), the sprawl scenario is expected to have lower population than the status quo 
scenario. On the other hand, for the remaining subdivisions (i.e. Amherstburg, Belle 
River, Rochester, Sandwich South, Tecumseh and Tilbury West), the sprawl scenario is 
projected to have larger population than the status quo scenario. In three subdivisions (i.e. 
Anderdon, Lasalle and Maidstone), the multinucleated scenario is projected to have lower 
population than the status quo. For the other subdivisions in the CMA (namely, Windsor, 
Amherstburg, Belle River, Rochester, Sandwich South, Tecumseh and Tilbury West, and 
St. Clair Beach), the multinucleated scenario is expected to have larger population than 
the status-quo scenario. 
In terms of the employment projections, employment in the Windsor subdivision 
in the status-quo scenario is 129,122 in 2031. This grows to 136,146 in the compact 
scenario, which reflects a 5.44 percent growth. The employment of the Windsor 
subdivision is 109,977 in the sprawl scenario, which is approximately 15 percent less 
than the employment of the same subdivision in the status quo scenario. In the 
multinucleated scenario, the projected employment in the Windsor subdivision is 
124,382, which is approximately 4 percent less than the employment in the status-quo 
scenario. In some subdivisions (i.e. Windsor, Anderdon, St. Clair Beach, Tilbury West, 
Amherstburg, Belle River, and Rochester), the compact scenario is projected to have 
larger employment than the status quo. For the other subdivisions (i.e. Lasalle, Maidstone, 
Sandwich South and Tecumseh), the compact scenario is expected to have negative 
percent changes from the status quo scenario.  
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In subdivisions including Windsor, Tecumseh, St. Clair Beach and Maidstone, the 
sprawl scenario is expected to have lower employment than the status quo scenario. In 
the other remaining subdivisions (namely, Lasalle, Sandwich South, Anderdon, Tilbury 
West, Amherstburg, Belle River and Rochester), the sprawl scenario is expected to have 
larger population than the status quo scenario. In some subdivisions (namely, Windsor, 
Anderdon, St. Clair Beach, Tilbury West, Lasalle, Maidstone, Sandwich South and 
Tecumseh), the multinucleated scenario is expected to have lower population than the 
status quo. For the remaining subdivisions (i.e. Amherstburg, Belle River, and Rochester), 
the multinucleated scenario is expected to have population larger than the status quo 
scenario. 
  
124 
 
4.5 Transportation Impacts 
4.5.1 Link flow estimates 
The Commute software is utilized to predict traffic flows and related indicators 
based on population and employment projections in the four scenarios. All estimates 
generated by Commute pertain to the 9:00AM (peak hour) only. Figure 4.6 shows the 
simulated traffic flow of the status quo scenario in 2031. Most of the traffic flows occur 
in the Northwest corner (Windsor subdivision) of the Windsor CMA. Road links in 
Lasalle, Anderdon, Sandwich South, Tecumseh and St.Clair Beach subdivisions which 
are close to the city core area have more traffic flows compared to other subdivisions. 
Several maps are created to show the difference in traffic flow among the simulated 
urban form scenarios. Figure 4.7 shows the traffic flow difference between the compact 
scenario and status-quo scenario. The difference in traffic flows between sprawl and 
status-quo scenarios are presented in Figure 4.8. Figure 4.9 is a map of difference in 
flows between the multinucleated scenario and status-quo scenario. The blue links are 
links with positive values of traffic flow difference while red links indicates negative 
values. The traffic flow difference is calculated by subtracting traffic flow in the status-
quo scenario from the traffic flow in the associated urban form scenario. 
Figure 4.7 shows that the links in the city core area have positive values while the 
majority of links in the suburban area have negative values. This means that in the 
compact scenario, more traffic flows are distributed in the city core area compared with 
the traffic flows in status-quo scenario while less traffic flows are occurring in suburban 
areas in the compact scenario. Compared to the status quo scenario, the sprawl scenario 
has more flows in the suburban area and less traffic flows in the city core area so blue 
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links are located in suburban areas and red links are located in the city core areas (Figure 
4.8). In the multinucleated scenario, most of the new population and employment are 
distributed in city cores (both major core and potential cores), so more traffic flows occur 
in city core areas. Therefore, blue links indicating positive difference of traffic flows are 
located in both the main city core area and the sub-city core areas. 
 
Figure 4.6: Traffic flows for status-quo scenario in 2031 
 
Figure 4.7: Difference in traffic flows between compact and status-quo in 2031 
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Figure 4.8: Difference in traffic flows between sprawl and status-quo in 2031 
 
Figure 4.9: Difference in traffic flows between multinucleated and status-quo in 2031 
4.5.2 Performance Measures 
Figure 4.10 shows the VKT trends among the four simulated scenarios over time. 
As can be seen, all scenarios will be associated with a gradual growth in VKT over time. 
This is expected and is due to the increased number of trips in the Windsor CMA. 
However, there is an apparent difference in this growth among the different scenarios. 
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The compact scenario has the lowest value of generated VKT, followed by the status-quo 
scenario. On the other hand, the multinucleated scenario has a higher value of VKT than 
the status-quo scenario, while the value of VKT is lower than the sprawl scenario. Table 
4.34 also shows the values of VKT in the four scenarios. The sprawl scenario has the 
largest value of VKT which is 2,438,760 in 2031 while the compact scenario has the 
lowest value of VKT which is 1,581,511 in 2031. The reason is because most of the 
employment is located in the city core area and the locations of residents decide the 
system-wide travel distance. In the sprawl scenario, workers are located in the suburban 
area. This leads to longer system-wide travel distance than any other scenarios. By 
comparison, a high share of workers is located in the city core area in the compact 
scenario. This translates into shorter system-wide travel distance.  
       
Figure 4.10: Vehicular kilometers travelled, 2006 to 2031 
The estimated VKT in the multinucleated scenario is lower than the VKT in the 
sprawl scenario and is higher than the compact scenario. This might be due to the fact 
that the locations of residents in the multinucleated scenario are closer to their work 
places than in the sprawl scenario, while further than in the compact scenario. The 
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percent change from the base case is -12.10% in compact scenario, 15.32% in 
multinucleated scenario and 35.55% in sprawl scenario.  
Table 4.34: Vehicular Kilometers Travelled, 2011 to 2031 
Scenario 2011 2016 2021 2026 2031 
Status-quo scenario (base) 1,200,289 1,332,987 1,516,997 1,640,102 1,799,200 
Compact scenario 1,171,667 1,265,808 1,397,162 1,481,042 1,581,511 
   Percent change from base  -2.38% -5.04% -7.90% -9.70% -12.10% 
Multinucleated scenario 1,213,743 1,399,346 1,640,647 1,839,982 2,074,796 
   Percent change from base  1.12% 4.98% 8.15% 12.19% 15.32% 
Sprawl scenario 1,260,878 1,522,516 1,848,247 2,122,124 2,438,760 
   Percent change from base  5.05% 14.22% 21.84% 29.39% 35.55% 
Figure 4.11 presents the Vehicle minutes travelled (VMT) during the simulated 
peak hour in the Windsor CMA. Similar to the trend seen in the estimated VKT, values of 
VMT in the four scenarios are expected to increase with the increase of trips from 2006 
to 2031. Also, in 2031, the sprawl scenario has the highest value of VMT, which is 
followed by the multinucleated scenario. The status-quo scenario has a lower VMT 
compared to the multinucleated scenario. On the other hand, it has a higher value of 
VMT than the compact scenario.  
 
Figure 4.11: Vehicular minutes travelled, 2006-2031 
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Table 4.35 also lists the values of VMT in the four scenarios. In 2031, the 
compact scenario yields a total VMT of 2,892,131, some 26.67% less than the status-quo 
figure of 3,943,881. The multinucleated scenario estimates VMT at 20.48% higher than 
the status quo scenario, which is 4,751, 542 and the sprawl scenario estimates VMT at 
5,291,443, 34.17% higher than the status quo scenario. A different trend is revealed 
between the VKT and VMT. In 2011, the scenario with the highest value of VMT is not 
the sprawl scenario which has the highest value of VKT. Instead, the status-quo has the 
highest value of VMT. This is may be because less congestion is occurring in the sprawl 
scenario and the impact of VKT is not as large as it has been in the status-quo scenario. 
Similarly, the decreased percent changes from the status quo scenario in the 
multinucleated scenario in 2011 and 2016 are caused by the same reason. 
Table 4.35: Vehicular Minutes Travelled, 2011 to 2031 
  2011 2016 2021 2026 2031 
Status quo scenario (Base) 1,691,914 2,054,611 2,611,285 3,153,174 3,943,881 
Compact scenario 1,630,079 1,891,857 2,221,882 2,558,684 2,892,131 
   Percent change from base -3.65% -7.92% -14.91% -18.85% -26.67% 
Multinucleated scenario 1,662,381 2,041,145 2,771,907 3,549,858 4,751,542 
   Percent change from base -1.75% -0.66% 6.15% 12.58% 20.48% 
Sprawl scenario 1,677,748 2,118,080 2,862,741 3,849,984 5,291,443 
   Percent change from base -0.84% 3.09% 9.63% 22.10% 34.17% 
Total energy consumed in all of the four scenarios follows the same pattern as the 
estimated VKT (Figure 4.12). The sprawl development has the highest figure of energy 
consumption. The next is the multinucleated scenario, followed by the status-quo 
scenario. The lowest total energy consumption is in the compact scenario. Table 4.36 also 
shows the energy consumption in the four scenarios from 2011 to 2031. The status quo 
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scenario consumes 145,260 litres of gasoline. In the compact scenario, one can see this 
decrease by 12.29% to 127,413 litres. In the multinucleated scenario and the sprawl 
scenario, one can see this figure grows, by 15.38% and 35.53%, respectively.  
 
Figure 4.12: Total energy consumed, 2006-2031 
Table 4.36: Energy consumption, 2011 to 2031 
  2011 2016 2021 2026 2031 
Status quo scenario (Base) 96,462 107,210 122,138 132,206 145,260 
Compact scenario 94,152 101,779 112,404 119,248 127,413 
   Percent change from base -2.39% -5.07% -7.97% -9.80% -12.29% 
Multinucleated scenario 97,521 112,492 132,069 148,324 167,606 
   Percent change from base 1.10% 4.93% 8.13% 12.19% 15.38% 
Sprawl scenario 101,285 122,345 148,658 170,952 196,869 
   Percent change from base 5.00% 14.12% 21.71% 29.31% 35.53% 
4.5.3 Mode Share Analysis 
The results from the previous section show the traffic performance of the four 
scenarios with a same number of trips by car. However, with a different development 
pattern, the number of trips by car is expected to be different because of the impacts of 
mode choice. Applying the auto share scenarios that were discussed in Chapter 3, the 
estimated VKT, VMT and Energy consumed are expected to be different. Figures 4.13 to 
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4.15 present the results of VKT, VMT and energy consumed under the various urban 
form and mode share scenarios. The results of the performance measures across all 
scenarios are also presented in Table 4.37. 
Figure 4.13 shows that in an urban form scenario, the VKT would change with the 
change of auto share. Take the status-quo as an example, when there is a 2.5% increase in 
the auto share, the VKT between the no change scenario and the +2.5% scenario suggests 
an increase from 1,799,200 to 1,857,583 (i.e. 3.24%). In the -2.5% reduction scenario, 
VKT becomes 1,741,726, a figure that is 3.19% less than the no change scenario (Table 
4.37). Similarly, in other scenarios, the figures of VKT would increase with the increase 
of auto shares and decrease with the reduction of auto shares. 
The changes of VMT with different auto shares in the four scenarios are shown in 
Figure 4.12. If we consider the status-quo scenario as an example, under the no change 
scenario the VMT is 3,943,881. Like VKT, with a higher auto mode share, the VMT has 
a higher value while with a reduction of auto share, the VMT would be lower.  The VMT 
is expected to increase to 4,209,103 (i.e. 6.72%) in the +2.5% increase scenario. The -2.5% 
auto reduction scenario estimates VMT at 3,662,029, which is 7.15% higher than the no 
change scenario (Table 4.37). 
In terms of the energy consumption (Figure 4.13), the no change scenario 
consumes 145,260 litres of gas due to passenger mobility. In the +2.5% scenario, one 
could see an increase of 3.29%, which translates into 150,038 litres. In the -2.5% auto 
reduction scenario, one could see that this figure decreases by 3.25% to 140,546 litres 
(Table 4.37). 
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Figure 4.13: VKT by the change of auto shares in different urban forms in 2031 
 
Figure 4.14: VMT by the change of auto shares in different urban forms in 2031 
 
Figure 4.15: Energy Consumed (litres) by the change of auto shares in different urban forms 
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Table 4.37: VKT, VMT and energy consumption by mode share change 
Scenarios mode share scenarios VKT VMT Energy consumption 
Status quo 
no change (base case) 1,799,200 3,943,881 145,260 
+2.5% 1,857,583 4,209,103 150,038 
   % change from base case 3.24% 6.72% 3.29% 
-2.5% 1,741,726 3,662,029 140,546 
   % change from base case -3.19% -7.15% -3.25% 
Compact 
no change (base case) 1,581,511 2,892,131 127,413 
-2.5% 1,540,078 2,727,167 124,033 
   % change from base case -2.62% -5.70% -2.65% 
-7.5%  1,454,770 2,347,200 117,054 
   % change from base case -8.01% -18.84% -8.13% 
-15% 1,329,869 1,948,297 106,911 
   % change from base case -15.91% -32.63% -16.09% 
Sprawl 
no change (base case) 2,438,760 5,291,443 196,869 
-2.5% 2,375,708 5,013,255 191,713 
   % change from base case -2.59% -5.26% -2.62% 
+2.5% 2,502,530 5,648,028 202,120 
   % change from base case 2.61% 6.74% 2.67% 
+5% 2,565,323 5,906,329 207,247 
   % change from base case 5.19% 11.62% 5.27% 
Multinucleated 
no change (base case) 2,074,796 4,751,542 167,606 
+2.5% 2,137,527 5,089,170 172,766 
   % change from base case 3.02% 7.11% 3.08% 
-2.5% 2,011,239 4,391,887 162,371 
   % change from base case -3.06% -7.57% -3.12% 
-7.5% 1,878,827 3,842,176 151,558 
   % change from base case -9.45% -19.14% -9.57% 
-15% 1,686,636 3,070,465 135,876 
   % change from base case -18.71% -35.38% -18.93% 
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4.5.4 Emission Analysis 
Table 4.38 lists the harmful gas emissions and the percentage change from the 
status-quo scenario in different urban form scenarios in 2031. Under the status-quo 
scenario, total HC emissions in 2031 are estimated at 888,608 g. In the compact scenario, 
HC emission drops to 725,818 g, a decrease of 18.32%. Under a sprawl regime, HC 
emissions increase by 36.16% to 1,209,891 g from the status-quo scenario. Furthermore, 
the multinucleated scenario estimates HC emission at 1,064,341 g, which is 19.78% more 
than the status-quo scenario.  
Table 4.38: Harmful gases emissions, 2031 (in “g”) 
  HC CO NOx 
Status-quo 888,608  18,071,103  1,307,289  
Compact scenario 725,818  15,061,941  1,151,389  
   % change from status-quo -18.32% -16.65% -11.93% 
Sprawl scenario 1,209,891  24,285,828  1,746,365  
   % change from status-quo 36.16% 34.39% 33.59% 
Multinucleated scenario 1,064,341  21,308,654  1,522,053  
   % change from status-quo 19.78% 17.92% 16.43% 
In terms of CO emissions, the sprawl scenario still produces the highest value of 
24,285,828 g while the compact scenario produces the lowest value of 15,061,941 g. The 
percent change from the status-quo scenario (18,071,103 g) is 34.39% in the sprawl 
scenario and is -16.65% in the compact scenario. CO emissions in the multinucleated 
scenario are 17.92% greater than the status-quo scenario. NOx follows the same pattern. 
Relative to the status-quo scenario, NOx emissions decrease by 11.93% in the compact 
scenario. More specifically, NOx is decreased from 1,307,289 in the status-quo scenario 
to 1,151,389 in the compact scenario. Both of the sprawl and multinucleated scenarios 
yield greater emissions than the status quo scenario. The sprawl scenario estimates NOx 
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emissions at 1,746,365 g, some 33.59% greater than the status quo scenario. In the 
multinucleated scenario, one could see an increase by 16.43% to 1,522,053 g.  
4.6 Overall Assessment of Urban Form Scenarios 
To assess the impacts of the different simulated scenarios, it is important to have a 
consistent method for comparing the outcomes of all scenarios. Following the work of 
Maoh and Kanaroglou (2009), the values of a given variable are standardized across all 
simulated scenarios. The standardization is achieved by comparing the values of a given 
variable (e.g. VKT) from all simulated scenario to the maximum value of that variable 
that one of the scenarios is producing. The Multicriteria Evaluation (MCE) approach is 
then utilized to calculate an overall assessment index for any given scenario. Here, the 
ranking of the different indicators (outcomes) from a given scenario will affect the nature 
of the overall index.  
The following ranking order is used in the assessment: we contend that harmful 
emissions are the most important factor as they have direct impact on the environment 
and health. Here, all of the three types of emissions are ranked as “1”. VKT is the second 
most important factor with a rank of “2”. This is followed by the energy consumption at a 
rank of “3”. Both VKT and energy consumption are two faces of one coin as both have a 
direct relation to economic performance. However, VKT is ranked more important since 
it also captures economic and social impacts such as noise pollution, traffic safety and 
infrastructure depreciation since more VKT would be associated with more noise 
pollution, higher traffic injuries and fatalities and deterioration of road pavement over 
time. Congestion index is ranked “4” while travel time to CBD is “5”. All of the factors 
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are cost factors since the higher the value of a given factor, the worse the outcomes as far 
as sustainability. Here, the following cost criterion function is utilized: 
  
         
    
where   
  is the standardized value of   ,    is the actual value of factor   and 
  
    is the maximum value of factor i across all scenarios. Consequently, if for a given 
scenario the actual value is 0, then the standardized value of that factor will equal to 1. 
This indicates that the factor has no negative impact on this scenario. In other words, if    
is VKT under a given scenario and it is equal to zero, then the standardized value will 
equal to 1 suggesting that the scenario is highly sustainable. The overall sustainability 
index Sc for scenario c is calculated as follows: 
        
 
 
 
Where    is the weight associated with standardize factor   
 . The weights are obtained 
via the rank reciprocal weights method based on the ranking order discussed above. An 
   value closer to 1 reflects a more sustainable scenario, while a value closer to zero 
reflects an unsustainable situation. 
The normalized values for all the factors and the final scores obtained by the 
MCE approach are shown in Figure 4.16 and Figure 4.17. The results suggest that the 
compact scenario has the highest score for promoting a sustainable future while the 
sprawl development has the lowest score. Also, the reduced auto share scenarios appear 
to have positive impacts on sustainability. 
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Figure 4.16: Standardized values of all factors for all the scenarios  
 
Figure 4.17: Overall Indexes for all the scenarios 
Table 4.39 provides a side-by-side comparison for all of the values used to 
calculate the indices shown in Figure 4.16. All of these figures pertain to the simulated 
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results in the year 2031. The compact scenario with a 15 percent mode share reduced has 
the lowest negative transportation impacts. HC emission is expected to have almost 529 
thousand gram; CO emission is about 11,356 thousand gram; NOx is approximately 951 
thousand gram; VKT is projected to have a value of approximately 1,330,000; energy 
consumption is about 107,000 litres; the average congestion index for all links is 
expected to be 0.749 and the total travel time to CBD is about 14,000 minutes. However, 
the sprawl scenario with a 5 percent mode share added has the highest value of impacts. 
Specifically, this scenario is projected to have about 1,315 thousand HC; 26,230 thousand 
CO; 1,842 thousand NOx; 2,565,000 VKT; 207,000 litres energy consumed; a value of 
1.169 congestion index and approximately 20,000 minutes of travel time to CBD. 
It should be noted that the results from the polycentric scenario are not as good as 
expected. Typically, a polycentric urban form is promoted for its benefits in reducing 
overall auto commute and subsequently achieving higher level of sustainability. However, 
the polycentric scenario in this thesis appears to be worse than the status quo in term of 
its sustainability. The no change polycentric scenario (0.183) is projected to have a lower 
overall index when compared to the no change status-quo scenario (0.292). The reasons 
for this unexpected outcome are twofold. First, the transit connection between the defined 
urban centers in this research is not considered. Auto share under the polycentric scenario 
will likely reduce by strengthening the transit system between the three city centers. This 
fact could be captured through the 15% auto share reduction scenario that was simulated 
for the polycentric case. It can be seen that the sustainability index under this specific 
scenario is noticeably higher than the sustainability index under the no change auto share 
for the status quo case. Second, the imbalance among the distribution of population and 
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employment for the potential centres work on reducing the overall index of polycentric 
case. For instance, the population in 2031 in Belle River is about 24,000 while the 
employment is projected to be 4,332. The difference between the population and 
employment is significant. Consequently, workers in Belle River have to travel long 
distance to workplaces in the main centre. The latter is fairly distant from the two 
potential centres, thus resulting in a noticeable increase in VKT, VMT, emissions and 
congestion for the polycentric scenario.  
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Table 4.39: Overall assessment  
 
Scenarios Auto share 
changed scenarios 
             Harmful Emissions VKT Energy 
Consumed 
Congestion 
Index 
Travel time 
to CBD 
Overall 
Index 
HC CO NOx 
Status-quo 
no change 888,608 18,071,103 1,307,289 1,799,200 145,260 0.984 16,601 0.292 
+2.5% 934,093 18,939,125 1,354,718 1,857,583 150,038 1.009 17,099 0.263 
-2.5% 840,152 17,176,544 1,260,225 1,741,726 140,546 0.955 16,104 0.321 
Compact 
no change 725,818 15,061,941 1,151,389 1,581,511 127,413 0.940 15,621 0.388 
-2.5% 690,219 14,392,122 1,117,548 1,540,078 124,033 0.916 15,251 0.410 
-7.5%  617,532 13,043,214 1,048,622 1,454,770 117,054 0.865 14,510 0.454 
-15% 529,459 11,356,447 951,160 1,329,869 106,911 0.794 13,399 0.513 
Sprawl 
no change 1,209,891 24,285,828 1,746,365 2,438,760 196,869 1.110 19,426 0.062 
-2.5% 1,154,745 23,286,239 1,700,863 2,375,708 191,713 1.084 19,056 0.094 
+2.5% 1,268,031 25,364,901 1,797,062 2,502,530 202,120 1.143 19,794 0.029 
+5% 1,315,219 26,230,774 1,841,907 2,565,323 207,247 1.169 20,162 0.000 
Polycentric 
no change 1,064,341 21,308,654 1,522,053 2,074,796 167,606 1.054 15,350 0.183 
+2.5% 1,119,770 22,190,653 1,570,862 2,137,527 172,766 1.077 15,810 0.152 
-2.5% 1,002,248 20,280,777 1,471,818 2,011,239 162,371 1.020 14,890 0.217 
-7.5% 905,108 18,553,678 1,373,644 1,878,827 151,558 0.964 13,970 0.277 
-15% 762,229 15,916,686 1,228,751 1,686,636 135,876 0.877 12,591 0.367 
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CHAPTER FIVE                                                                                              
CONCLUSION 
5.1 Introduction 
This thesis examines the interaction between land use and transportation to 
address the question “which type of urban form in the Windsor Census Metropolitan 
Area (CMA) should be supported for future land use development?” The overall 
objective of this research is to study the long-term impacts of urban forms aimed at 
achieving a more sustainable transportation system in the Windsor CMA. In particular, 
traffic performances for different urban forms were examined, such as traffic flows, 
Vehicle Kilometres Travelled (VKT), Vehicle Minutes Travelled (VMT), energy 
consumption and harmful gas emissions (e.g. HC, CO and NOx).  
5.2 Thesis Summary 
Chapter Two indicates that the impacts of urban forms on city development are 
significant and there are relationships between land use and transportation. Integrated 
Urban Models (IUMs) including both land use models and transportation models are 
commonly used in previous studies. Evidence from the literature suggests that using 
smart growth strategies are an efficient way to curb the sprawl pattern that contributes to 
a nonsustainable city in the future. In terms of location choices, different criteria are 
utilized to search for an optimal location. Criteria are selected based on the type of 
location choice, including both residential and employment location decisions.  
Chapter Three presents the data and research methodology in this thesis. The 
study area is the Windsor CMA that is further broken into eleven smaller subdivisions. 
142 
 
The land use cover of the study area shows that most of the developed land is located in 
the Windsor subdivision. Also, some of the more developed land use is observed in the 
North part of the study area (e.g. Tecumseh, St. Clair Beach and Belle River). The 
general structure of the methodology used in this thesis includes three sub-modules: land 
use sub-module, transportation sub-module and indicator sub-module. For the land-use 
sub-module, Multivariate Regression analysis, Multinomial logit (MNL) model and 
multicriteria evaluation (MCE) method are employed to project the population and 
employment growth over the next 20 years from 2011-2031. For the transportation sub-
module, the Commute software is used to simulate the traffic flow on the road network of 
the study area. In terms of the indicator sub-module, Vehicle Kilometers Traveled (VKT), 
Vehicle Minutes Traveled (VMT), energy consumption, HC, CO and NOx emissions are 
calculated and analyzed to evaluate the transportation impacts of different urban form 
scenario. 
Chapter Four presents the results in this thesis, such as the general trends of 
population and employment growth, the criteria affecting residential and employment 
location choices, population and employment distribution in the future and transportation 
impacts due to status-quo, compact, sprawl and multinucleated urban form scenarios. 
City wide population and employment growth for the period 2011-2031 was extrapolated 
from past years data via a linear relationship.  
For the status-quo scenario, results from estimating MNL models are more 
superior compared to those obtained from a linear regression model. This suggests that in 
the Windsor CMA, MNL modeling is more suitable than linear regression modeling 
when predicting future new dwellings. MCE method is also utilized to predict the other 
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three urban form scenarios (namely, compact, sprawl and multinucleated) and also used 
to determine the potential centres in the polycentric scenario. In the compact scenario, 
most of the new population and employment are located in the city core and inner 
suburban areas while in the sprawl scenario new development is mostly targeting in the 
suburban area. For the multinucleated scenario, most of the new growth is allocated in the 
city core areas (both major city core and new sub city cores). 
According to population and employment growth distribution in the status-quo 
scenario over the next 20 years, the spatial distribution of new employment follows a 
historical trend. The majority of new employment is allocated in Windsor, Maidstone and 
Lasalle subdivisions (Table 4.11). However, the major subdivision for new population 
growth has changed. The Windsor subdivision has the largest population growth in 2011, 
while the Anderdon becomes the main subdivision to accommodate new population 
growth in 2031. This indicates a clear sprawl pattern of population growth in the Windsor 
CMA. Also, the majority of the new population is located in certain subdivisions which 
may evolve to satellite city centers in the future.  
In Chapter Four, the transportation impacts of the four urban form scenarios 
(status quo, compact, sprawl and multinucleated scenarios) show that the compact 
development is the best scenario to promote a more sustainable urban form in the 
Windsor CMA. The compact scenario has the lowest value of Vehicle Kilometres 
Travelled (VKT), Vehicle Minutes Travelled (VMT), energy consumption and various 
harmful emissions among all of the four scenarios. In addition, sprawl and multinucleated 
scenarios have higher values of VKT, VMT, energy consumption and overall harmful gas 
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emissions than the status quo scenario. Therefore, only the compact development (smart 
growth) could help to promote a more sustainable future for the Windsor CMA.  
5.3 Contributions 
5.3.1 Methodological Contributions 
In Canada, most of the applied studies with simulation models to assess 
transportation impacts from land use are based on IMULATE, an integrated urban model. 
In my thesis, a different yet rather comparable approach based on the Multinomial Logit 
(MNL) and Multicriteria Evaluation (MCE) is utilized to simulate the land use change 
over the next 20 years. MNL modeling is utilized to distribute the newly constructed 
dwellings in the status-quo urban form scenario. The assumption in the MNL is that a 
developer would choose the urban locations which will maximize his/her profit (or 
utility). Consequently, the MNL modeling approach helps to capture factors affecting 
residential development based on the past data in order to project the future base case 
residential land use. Also, the way the modeling was handled by developing separate 
MNL models for the various areas forming the CMA (i.e. Core, inner suburbs, and 
suburbs) is novel. To the best of our knowledge, no studies in the literature modeled the 
construction of new dwellings using the same approach. A key feature of the followed 
MNL modeling approach is being able to identify which factors are the most important 
for the development of new dwellings in different areas of the CMA (i.e. Core, inner 
suburbs and suburbs). Those differences were clearly highlighted in the modeling work 
conducted in this thesis. 
Unlike previous studies, which use the same statistical model to simulate various 
types of scenarios, the MCE approach is employed to perform future employment and 
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population projections in the compact, sprawl and polycentric scenarios. The MCE 
modeling is a powerful tool for decision making processes. This method is based on 
various criteria affecting the commercial and residential land uses to devise the most 
likely development under the three scenarios. While the use of an estimated statistical 
model is the common practice for projecting future land use changes, the application of 
the same model to project the likelihood of what would happen in the future might not be 
practical. This is because a statistical model is constrained by the type of significant 
variables that results from the statistical analysis. However, such variables might not 
always work or apply in the future. Therefore, the approach we followed in this thesis is 
more practical as it allows the decision maker (planner or engineer) to identify the most 
important criteria that is deemed to have an impact on the future of development under a 
given urban planning regime. Such approach is more flexible and is believed to produce 
meaningful results. In fact, the findings from this thesis are consistent with some of the 
existing findings that use statistical models (e.g. IMULATE model) to simulate various 
growth patterns in a city. This is an indication of the validity of our approach as an 
alternative method for simulating future growth plans in cities. 
5.3.2 Urban Transportation planning Implications 
In order to encourage the compact development in the Windsor CMA, various 
policies could be utilized. For example, preserving open space in the study area and 
protecting the parks and wildlife habitats are efficient ways to curb the sprawl pattern. In 
addition, population density increase in the city core area is crucial for compact 
development. This was also proven in the MNL models. The decrease of the population 
density could be achieved by redevelopment of the existing dwellings in the city core 
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area. For instance, if the existing houses are redeveloped to apartments, more people 
would be accommodated in these new apartments.  
The factors utilized in the MNL models of residential location choices can also 
help in the planning process of the city. In the city core and inner suburban area, 
percentage of open space in a TAZ is attracting the development of new dwellings based 
on the estimated open space parameter. However, this variable was excluded from the 
suburban MNL model as it was not significant. This is because most of the suburban 
TAZs have a large amount of open space and it is not an important criterion for choosing 
a site for residential development in suburban areas. However, it is not easy for urban 
planners to increase the attractiveness of the city core and inner suburban TAZs through 
this criterion since the percentage of open space would continue to decrease in future 
years. The entropy index indicates that in the city core TAZs, high mixed level of land 
use attract more new dwellings. Consequently, if we increase the mixed level of the city 
core TAZs, new dwellings might gravitate to the city core TAZs. Also, average price of 
existing houses of a city core TAZ affects the attractiveness of the TAZ for residential 
development positively. High average prices indicate a higher quality of houses that 
people prefer over cheaper options. Therefore, developers may plan to construct high 
quality dwellings in the city core area to attract high income home-buyers.  
Similarly, building high quality dwellings in the inner suburban area may attract 
home-buyers. Also, to improve the transportation system by increasing the density of 
roads in certain inner suburban TAZs might proof to be an efficient way to attract 
population to inner suburbs.  
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The suburban MNL model suggests that a higher dissimilarity index would reduce 
the attractiveness of a suburban TAZ for residential location choice while intensity of 
developed dwellings, average price of existing houses and mixed density could be used to 
increase the attractiveness of the TAZ. Consequently, urban planners could limit the 
number of high quality dwellings constructed in the suburban TAZs and intensity 
development in certain suburban pockets to promote polycentric development in the 
future. 
Of course, paying attention to the transit system is a key factor for the success of 
any sustainable urban planning policy. Therefore, while planners should focus more on 
compact mixed density development, insuring frequent, reliable and rapid transit system 
with a good spatial coverage in the CMA is critical for the success of any future growth 
plan.  
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5.4 Limitation and directions for future research 
For the land-use sub-module, although the MCE modeling is an efficient method 
for the decision making process in the compact, sprawl and multinucleated scenarios, it is 
not easy to decide and rank the criteria affecting a particular land use in the future. Many 
experienced urban planners need to discuss these criteria to reach consensus on the most 
important factors that should be considered. In our case, the criteria and associated 
rankings utilized are solely based on the literature. Future research should involve city 
planners to improve the ranking procedure and perhaps consider other important factors 
that were not accounted for in this thesis. 
Another limitation in this thesis pertains to the modeling exercise of the land use 
coverage. Here, a rough employment density was used to estimate particular new land 
uses based on employment types. The employment density might be higher or lower than 
our used employment density. However, for the lack of data, the employment density 
used in this thesis is the average density for the aggregate employment as oppose to the 
employment density per each sector. For instance, certain types of land uses such as 
recreational land use might have low employment density given the large size of 
recreational land use. By comparison, institutional employment might have higher 
employment density since a large number of employees could be accommodated in one 
skyscraper that does not occupy a lot of land area. Therefore, future research should 
consider these differences to improve the predictive ability of the land use coverage 
component of our modeling framework. 
In the transportation sub-module, the lack of a behavioral mode choice model 
might contribute to inaccurate transportation impacts. Although we used auto change 
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scenarios to assess the impacts of mode choice changes, future research should consider 
the use of an operational mode choice model when this becomes available for the study 
area. Also, the role of transit is not presented explicitly in this thesis. For instance, the 
transportation impacts of the polycentric development pattern might be different from the 
results we achieved if we assumed transit frequency, coverage and reliability is becoming 
higher between the different identified centres. Again, this was impeded by the lack of a 
behavioral mode choice model in our modeling framework. 
Finally, future research could attempt to apply the same approach we followed in 
this thesis to other Canadian cities to assess future impacts. Also, developing an 
automated GIS system for predicting population and employment growth is another 
attractive area for future research. Besides the above, the impacts of the new Windsor-
Essex Parkway could be assessed in the future when behavioural land development and 
mode choice models become available. 
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APPENDIX TWO 
O-D Matrix calculation model: 
 
Standardization Model: 
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Suitability of location choice calculation Model (an example): 
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APPENDIX THREE 
     
Figure A-1: New population at subdivision level in status quo scenario, 2011-2016 
 
Figure A-2: New population at subdivision level in status quo scenario, 2026-2031 
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Figure A-3: Population at TAZ level in status quo scenario, 2016 
 
Figure A-4: Population at TAZ level in status quo scenario, 2031 
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Figure A-5: New employment at subdivision level in status quo scenario, 2011-2016 
   
Figure A-6: New mployment at subdivision level in status quo scenario, 2026-2031 
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Figure A-7: Employment at TAZ level in status quo scenario, 2016 
 
Figure A-8: Employment at TAZ level in status quo scenario, 2031 
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Figure A-9 Suitability of residential development in compact scenario, 2016 
  
Figure A-10: Suitability of residential development in compact scenario, 2031 
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Figure A-11: Suitability propensity maps for residential development in compact scenario, 2016 
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Figure A-12: Suitability propensity maps for residential development in compact scenario, 2031 
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Figure A-13: New population at subdivision level in compact scenario, 2011-2016 
 
Figure A-14: New population at subdivision level in compact scenario, 2026-2031 
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Figure A-15: Population at TAZ level in compact scenario, 2016 
 
Figure A-16: Population at TAZ level in compact scenario, 2031 
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Figure A-17: Suitability of industrial development in compact scenario 
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Figure A-18: Suitability of commercial development in compact scenario 
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Figure A-19: Suitability of recreational development in compact scenario 
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Figure A-20: Suitability of institutional development in compact scenario 
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Figure A-21: Suitability propensity map for Industrial employment in 2031 
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Figure A-22: Suitability propensity map for Commercial employment, 2031 
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Figure A-23: Suitability propensity map for Recreational employment, 2031 
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Figure A-24: Suitability propensity map for Institutional employment, 2031 
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Figure A-25: New employment at subdivision level in compact scenario, 2011-2016 
   
Figure A-26: New employment at subdivision level in compact scenario, 2026-2031 
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Figure A-27: Employment at TAZ level in compact scenario, 2016 
 
Figure A-28: Employment at TAZ level in compact scenario, 2031 
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Figure A-29: Suitability of residential development in sprawl scenario, 2016 
 
Figure A-30: Suitability of residential development in sprawl scenario, 2031 
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Figure A-31: Suitability propensity for residential development in sprawl scenario, 2016 
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Figure A-32: Suitability propensity for residential development in sprawl scenario, 2031 
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Figure A-33: New population at subdivision level in sprawl scenario, 2011-2016 
 
Figure A-34: New population at subdivision level in sprawl scenario, 2026-2031 
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Figure A-35: Population at TAZ level in sprawl scenario, 2016 
    
Figure A-36: Population at TAZ level in sprawl scenario, 2031 
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Figure A-37: New employment at subdivision level in sprawl scenario, 2011 to 2016 
 
Figure A-38: New employment at subdivision level in sprawl scenario, 2026 to 2031 
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Figure A-39: Employment at TAZ level in sprawl scenario, 2016 
 
Figure A-40: Employment at TAZ level in sprawl scenario, 2031 
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Figure A-41: Suitability of residential development in polycentric scenario, 2016 
 
Figure A-42: Suitability of residential development in polycentric scenario, 2031 
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Figure A-43: New population at subdivision level in polycentric scenario, 2011-2016 
 
Figure A-44: New population at subdivision level in polycentric scenario, 2026-2031 
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Figure A-45: Population at TAZ level in polycentric scenario, 2016 
 
Figure A-46: Population at TAZ level in polycentric scenario, 2031 
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Figure A-47: New employment at subdivision level in polycentric scenario, 2011-2016 
 
Figure A-48: New employment at subdivision level in polycentric scenario, 2026-2031 
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Figure A-49: Employment at TAZ level in polycentric scenario, 2016 
  
Figure A-50: Employment at TAZ level in polycentric scenario, 2031 
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